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RULES 


OF THE 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 


[Adopted November 5th, 1884.} 


OBJECTS. 


Art. 1. The objects of the American Socrety or MECHANICAL 
ENGINEERS are to promote the Arts and Sciences connected with 
Engineering and Mechanical Construction, by means of meetings 
for social intercourse and the reading and discussion of profes- 
sional papers, and to circulate, by means of publication among its 
members, the information thus obtained. 


MEMBERSHIP. 


Art. 2. The Society shall consist of Members, Honorary Mem- 
bers, Associates and Juniors. 

Art. 3. Mechanical, Civil, Military, Mining, Metallurgical and 
Naval Engineers and Architects may be candidates for member- 
ship in this Society. 

Art. 4. To be eligible as a Member, the candidate must have been 
so connected with some of the above-specified professions as to be 
considered, in the opinion of the Council, competent to take charge 
of work in his department, either as a designer or constructor, or 
else he must have been connected with the same as a teacher. 

Art. 5. Honorary Members, not exceeding twenty-five in num- 
ber, may be elected. They must be persons of acknowledged pro- 
fessional eminence who have virtually retired from practice. 

Art. 6. To be eligible as an Associate, the candidate must have 
such a knowledge of or connection with applied science as quali- 
fies him, in the opinion of the Council, to co-operate with engineers 
in the advancement of professional knowledge. 
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Art 7. To be eligible as a /unior, the candidate must have 
been in the practice of engineering for at least two years, or he 
must be a graduate of an engineering school. 

The term “Junior” applies to the professional experience, and 
not to the age of the candidate. Juniors may become eligible to 
members)iip. 

Arr. 8. All Members and Associates shall be equally entitled to 
the privileges of membership.. Honorary Members and Juniors 
shall not be entitled to vote nor to be members of the Council. 


ELECTION OF MEMBERS. 


Art. 9. Every candidate for admission to the Society, excepting 
candidates for honorary membership, must be proposed by at least 
three members, or members and associates, to whom he must be 
personally known, and he must be seconded by two others. The 
proposal must be accompanied by a statement in writing by the 
candidate of the grounds of his application for election, including 
an account of his professional experience, and an agreement that 
he will conform to the reqvirements of membership if elected. 

Art. 10. All such applications and proposals must be received 
and acted upon by the Council at least thirty days before a regu- 
lar meeting, when the Secretary shall at once mail to each mem- 
ber and associate, in the form of a letter ballot, the names of can- 
didates recommended by the Council for election. 

Art. 11. Any member or associate entitled to vote may erase 
the name of any candidate, and may, at his option, return to the 
Seeretary such baliot enclosed in two envelopes, the inner one to 
be blank and the outer one endorsed by the voter. 

Art. 12. The rejection of any candidate for admission as mem- 
ber, associate, or junior, by seven voters, shall defeat the elec- 
tion of said candidate. The rejection of any candidate for admis- 
sion as honorary member by fhiee voters shall defeat the election 
of said candidate. 

Arr. 13. The said blank envelopes shall be opened by the 
Council at any meeting thereof, and the names of the candidates 
lected shall be announced in the first ensuing meeting of the So- 
ciety, and also in the first ensuing list of members. Tie names 
of candidates not elected shall neither be announced nor recorded 
in the proceedings 


Arr. 14.—Candidates for admission as honorary members shall 
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not be required to present their claims; those making the nomi- 
nations shall state the grounds therefor, and shall certify that the 
nominee will accept if elected. The method of election in other 
respects shall be the same as in case of other candidates. 

Art. 15. All persons elected to the Society, excepting honorary 
members, must subscribe to the rules and pay to the Treasurer 
the initiation fee before they can receive certificates of member- 
ship. If this is not done within six months of notification of elee- 
tion, the election shall be void. 

Arr. 16. The proposers of any rejected candidate may, within 
three months after such rejection, lay before the Council written 
evidence that an error was then made, and if a reconsideration is 
granted, another ballot shall be ordered, at which thirteen nega- 
tive votes shall be required.to defeat the candidate. 

ArT. 17. Persons desiring to change the class of their member- 
ship shall be proposed in the same form as described for a new 
applicant, 


FEES AND DUES. 


Arr. 18. The initiation fees of members and associates shall be 
$15, and their annual dues shall be $10, payable in advance. The 
initiation fee of juniors shall be $10, and their annual dues $5, 
payable in advance. A junior, being promoted to full membership, 
shall pay an additional initiation fee of $5. Any member or as- 
sociate may become, by the payment of $150 at any one time, a 
life member or associate, and shall not be liable thereafter to 
annual dues. 

Art. 19. Any member, associate or junior, in arrears may, at 
the discretion of the Council, be deprived of the receipt of publi- 
cations, or stricken from the list of members, when in arrears for 
one year. Such person may be restored to membership by the 
Council on payment of all arrears, or by re-election after an inter- 
val of three years. 


OFFICERS. 


Art. 20. The affairs of the Society shall be managed by a Coun- 
cil, consisting of a President, six Vice-Presidents, nine Managers, 
and a Treasurer, who shall be elected from among the members 
and associates of the Society at the annual meetings, to hold office 
as follows: 

Art. 21. The President and the Treasurer for one year; and 
Cc 
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no person shall be eligible for immediate re-election as President 
who shall have held that office for two consecutive years ; the 
Vice-Presidents for two years, and the Mauagers for three years ; 
and no Vice-President or Manager shall be eligible for immediate 
re-election to the same office at the expiration of the term for 
which he was elected. 

Arr. 22. A Secretary, who shall be a member of the Society, 
shall be appointed for one year by a majority of the members of 
the Council at its first meeting after the annual election, or as soon 
thereafter as the votes of a majority of the members of the Council 
can be secured for a candidate. The Secretary may be removed 
by a vote of twelve members of the Council, at any time atter one 
month’s notice has been given him by a majority of its members 
to show cause why he should not be removed, and he has been 
heard to that effect. The Secretary may take part in any of the 
deliberations of the Council, but shall not have a vote therein. 
His salary shall be fixed for the time he is appointed by a majority 
vote of the Council. 

Art. 23. At each annua! meeting, a President, three Vice-Presi- 
dents, three Managers and a Treasurer shall be elected, and the 
term of office of each shall continue until the end of the meeting 
at which their successors are elected. 

Art. 24. The duties of all officers shall be such as usually per- 
tain to their offices or may be delegated to them by the Council 
or by the Society. The Council may, in its discretion, require 
bonds to be given by the Treasurer. 

Art. 25. The Council may, by vote of a majority of all its 
members, declare the place of any officer vacant, on his failure for 
one year, from inability or otherwise, to attend the Council meet- 
ings, or to perform tle duties of his office. All such vacancies 
and those occurring by death or resignation shall be filled by the 
appointment of the Council, and any person so appointed shall 
hold office for the remainder of the term for which his predecessor 
was elected or appointed; provided that the said appointment 
shall not render him ineligible at the next annual meeting. 

Art, 26. Five members of the Council shall constitute a quorum ; 
but the Council may appoint an Executive Committee, or business 
may be transacted at a regularly called meeting of the Council, at 

which less than a quorum is present, subject to the approval of 
a majority of the Council, subsequently given in writing to the 
Secretary and recorded by him with the minutes. Absent mem- 
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bers of the Council may vote by proxy upon subjects stated in the 
-all for a meeting, said proxy to be deposited with the Secretary. 

Arr. 27. The President on assuming office shall appoint a 
Finance Committee and a Publication Committee and a Library 
Committee of five members each. The appointment of two mem- 
bers of each Committee shall expire at the end of each year. The 
Secretary shall, ex officio, be a member of all three Committees. 

Ant. 28.—The Finance Committee shall! have power to order 
all ordinary or current expenditures, and shall audit all bills there- 
for. No bill shall be paid except upon their audit. When spe- 
cial appropriations are ordered by the Society, they shall not take 
effect until they have been referred to the Council and Finance 
Committee in conference. 

Arr. 29. It shall be the duty of the Publication Committee to 
receive all papers contributed, to decide which shall be published 
in the Transactions, and which shall be read in full at the meetings. 

Art. 30. It shall be the duty of the Library Committee to take 
charge of the collection of all material for the Library of the So- 
ciety, and to supervise all regulations for its use. 


ELECTION OF OFFICERS. 


Art. 31. At the regular meeting preceding the annual meeting 
& nominating committee of five members, not officers of the Soci- 
ety, shall be appointed, and this committee shall, at least thirty 
days before the annual meeting, send to the Secretary the names 
of nominees for the offices falling vacant under the rules. In ad- 
dition to such regularly appointed committee, any other five mem- 
bers or associates, not in arrears, may constitute an independent 
nominating committee, and may present to the Secretary, at least 
thirty days before the annual meeting, all the names of such can- 
didates as they may select. All the names of such independent 
nominees shall be placed upon the ballot list with nothing to dis- 
tinguish them from the nominees of the regular committee, and 
the Secretary shall at once mail the said list of names to each 
member and associate in the form of a letter ballot, it being un- 
derstood that the assent of the nominees shall have been secured 
in all cases. 

Art. 32. In the election of Vice-Presidents, each member and 
associate may cast as many votes as there are Vice-Presidents to 
be elected. He may give all these votes to one candidate, or dis 
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tribute them among more, as he chooses. Managers shall be 
voted for in the same way. 

Arr. 33. Any member or associate entitled to vote may vote by 
retaining or changing the names on said list, leaving names not 
exceeding in number the officers to be elected, and returning the 
list to the Secretary—such ballot inclosed in two envelopes, the 
inner one to be blank and the outer one to be indorsed by the 
voter. No member or associate in arrears since the last annual 
meeting shall be allowed to vote until said arrears shall have been 
paid. 

Arr, 34, The said blank envelopes shall be opened by tellers 
at the annual meeting, and the person who shall have received the 
greatest number of votes for the several offices shall be declared 
elected. 


MEETINGS. 


Art. 35. The annual meeting of the Society shall be held on 
the first Thursday in November of each year, in the City of New 
York, unless otherwise ordered, at which a report of proceedings 
and an abstract of the accounts shall be furnished by the Council. 
The Council may change the place of the annual meeting, and 
shall, in that case, give timely notice to members and associates. 

Art. 36. Other regular meetings of the Society shall be held in 
each year at such time and place as the Council may appoint. At 
least thirty days’ notice of all meetings shall be mailed by the 
Secretary to members, honorary members, associates and juniors. 

Art. 37. Special meetings may be called whenever the council 
may see fit; and the Secretary shall call a special meeting at the 
written request of twenty or more members. The notices for 
special meetings shall state the business to be transacted, and no 
other shall be entertained. 

Art. 38. Any member, honorary member or associate may 
introduce a stranger to any meeting; but the latter shall not take 
part in the proceedings without the consent of the meeting. 

Art. 39. Every question which shall come before the Society 
shall be decided, unless otherwise provided by these rules, by the 
votes of a majority of the members and associates present, pro- 
vided there is a quorum. 

Art. 40, At any regular meeting of the Society thirteen or more 
members and associates shall constitute a quorum. 

Art. 41. Unless otherwise ordered, papers shall be read in the 
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order in which their text is received by the Secretary. Before 
any paper appears in the Zransactions of the Society a copy of 
the paper shall be sent to the author, and, so far as possible, a 
copy of the reported discussion shall be sent to every member 
who took part in the same, with requests that attention shall be 
called to any errors therein. 

Art. 42. The Society shall claim no exclusive copyright in 
papers read at its meetings, nor in reports of discussions, except 
in the matter of official publication with the Society’s imprint, as 
its Zransactions. The Secretary shall have sole possession of 
papers between the time of their acceptance by the Publication 
Committee and their reading, together with the drawings illustrat- 
ing the same; and at the time of such reading, or as soon there- 
after as practicable, he shall cause to pe printed, with the authors’ 
consent, copies of such papers, “ subject to revision,” with such 
illustrations as are needed for the Zransactions, for distribution 
to the members and for the use of technical newspapers, American 
and foreign, which may desire to reprint:them in whole or in part. 
The policy of the Society in this matter shall be to give papers 
read before it the widest circulation possible, with the view of 
making the work of the Society known, encouraging mechanical 
progress, and extending the professional reputation of its members. 

Art. 43. The author of each paper read before the Society 
shall be entitled to twelve copies, if printed, for his own use, and 
all members shall have the right to order any number of reprints 
of papers at a cost to cover paper and printing ; provided, that 
said copies are not intended for sale. 

Art. 44. The Society is not, as a body, responsible for the 
statements of fact or opinion advanced in papers or discussions, 
at its meetings ; and it is understood that papers and discussions 
should not include matters relating to politics or purely to trade. 


AMENDMENTS. 


Art. 45. These rules may be amended, at any annual meeting, 
by a two-thirds vote of the members present ; provided, that writ- 
ten notice of the proposed amendment shall have been given at a 
previous meeting. 
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CCLXI. 
PROCEEDINGS 


PHILADELPHIA MEETING 


AMERICAN SOCIETY OF MECHANICAL 


November 28th to December. 1st, 1887. 


ENGINEERS. 


LOcAL COMMITTEE OF ARRANGEMENTS :—Horace See, Chairman ; M. R. Muck.e, 
Secretary ; J.S. Bancroft, J. C. Brooks, E. B. Coxe, 8S. A 


S. A. Hand, Edward Long- 
streth, W. C. Williamson, Jas. Butterworth, A. B. Couch, H. C. Francis, Wash- 


ington Jones, H. G, Morris, Walter Wood. 


Tue sessions of the Philadelphia (XVIth) Meeting, which was 
also the Eighth Annual Meeting of the Society, was held in 
Parlor C of the Continental Hotel. The opening session was 
called to order at eight o'clock on Monday evening, November 
28th. The Secretary's registers showed the following members 
in attendance : 


Albrecht, Otto 


Babcock, Geo. H. (President). .............005-. New York City. 
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Betts, Alfred ...... Wilmington, Del. 
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There were also many ladies and several guests in attendance. 
The first business was the President’s Annual Address, entitled 
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“The Engineer: his Commission and his Achievements,” which 
appears among the papers of the meeting. Following this ad- 
dress, the first paper of the session was read by Prof. Jno. E. 
Sweet, entitled “A New Principle in Steam Piston Packing.” 
This was discussed by Messrs. Strong, Webb, Wood, Ball, Sin- 
clair, Almond, Smith, Parsons, Woolson, Ashworth and Babcock. 
The two Topical Queries in reference to driven wells were dis- 
cussed by Messrs. Briggs, Woodbury, Hutton, McBride, Barr, 
Oberlin Smith and Babcock. The queries were: “ What is the 
best form of pump to use with driven wells where the lift is 
ten to twenty feet and air is likely to get into the suction? 
Should the pump be single or duplex and with piston or plun- 
ger?” and the second was, “ Have you used driven wells success- 
fully ; of what sizes or depths and singly or in groups?” After 
announcements by the Secretary and the Local Committee, and 
the appointment of Tellers to count the ballots for officers of the 
Society, the Session adjourned. 


Srconp Day. November 297TH. 


THE meeting was called to order at ten o’clock. The Reports 
of the business session were presented as follows: 


REPORT OF THE COUNCIL. 


The Council would present its Annual Report under the Rules. 
It has held eight meetings during the year for the transaction of 
business, and the following is a summary of its action, besides the 
usual routine labor : 


The substitution has been effected of a new and improved form 
for application for membership in the Society under the Rules, by 
which uniformity in statement of professional competence should 
be secured, and by which the responsibility of members who act 
as proposers of a candidate should be made more definite. The 
candidate applying (by Form D) mentions the names of those who 
can and will propose him, and letters are then solicited by the Sec- 
retary from such persons on a special form (Form E), by which the 
proposers confidentially may give the Council the benefit of their 
opinions as to the eligibility of the candidate to the grade which he 
seeks. The new form also codifies somewhat the general state- 
ments of the Rules in respect to the several grades of members, for 
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the guidance of such proposers. It was further resolved, that only 
such persons as cordially indorsed an application for membership 
should be recorded as proposers of such candidate. 

The matter of the uniformity of badges of membership in all 
grades in the Society has been presented as unfortunate, and has 
been referred to a special committee. Applications for exchange 
of transactions with other societies and publications have been 
made and granted. The Council has also accepted a most cordial 
invitation to hold its spring meeting of 1888 in the city of Nash- 
ville, Tenn., the date to be hereafter agreed upon. 

The Council has passed favorably upon the applications of 105 
candidates during the Society’s year. The-present membership 
of the Society, including those joining at this meeting is 813, dis- 
tributed among the grades as follows : 


The above list includes the members whose dues to the Society 
for the preceding year were paid up to January 1, 1887. At that 
time, under the resolutions of the Council (reported on page 8, 
Vol. VIII.), the members in arrears for the preceding year or more 
were dropped to a “Suspended List,” and did not appear in the 
Roll in the catalogue. That list at the beginning of the year 
numbered 20. Six have paid up arrearages this year, one has 
resigned, and from the remainder no reply has been received to 
letters addressed to them, and even their addresses are unknown 
in some cases. 

The losses by death since the last annual report in Volume 


VITI., have been as follows: 


The Council would present the report of its Tellers, as follows : 


a 

q 

3 
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The undersigned were appointed a committee of the Council to 
act as tellers under Rule 13, to count and scrutinize the ballots 
east for and against the candidates proposed for membership in 
The Society of Mechanical Engineers, and seeking election before 
the XVIth meeting of the Society in November, 1887. 

They would report that they have met upon the designated days 
in the oftice of the Society, and proceeded to the discharge of their 
duties. 

They would certify, for formal insertion in the records of the 
Society, to the election of the appended named persons to their 
respective grades upon the lists No. 1 and No. 2, colored respect- 
ively pink and yellow. 

There were 326 votes cast in the ballot upon the pink list, of 
which 14 were thrown out because of informalities, and there were 
364 votes cast using the yellow ballot, of which 8 were thrown out 
because of informalities. 

The list is appended below. 

Wm. Hl. Wirey, } Tellers. 
Wm. Kent, ) 


AS MEMBERS. 


Ames, Wm. Lewis........ Terre Haute, Ind. 
Belcher, A. W ee Rondout, N. Y. 
Charnock, John M........... .....damaica Plains, Mass. 
Crowell, Luther C be New York City. 
De Valin, Charles E......... ......-Washington, D. C. 
Fladd, Frederick C ...-New York City. 
Jones, Willis C Cincinnati, Ohio, 
Jordan, Samuel 8 Philadelphia, Pa. 
Krause, Arthur Peas Jersey City, N. J. 
Laforge, Frederick H ee Waterbury, Conn. 
Miles, Frederick B Philadelphia, Pa. 
Muncaster, Walter J.... Cumberland, Md. 
Naylor, John 8 Philadelphia, Pa, 
Pearson, Wm. A Scranton, Pa, 
Pierce, Wm. H .......-Aurora, Ill, 
Russel, WalterS. ........ ne Detroit, Mich. 
Sague, James E Buffalo, N. Y. 
Schumann, F Trenton, N. J. 
Simonds, George F Boston, Mass. 


> 
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PROMOTED FROM JUNIOR TO FULL MEMBERSHIP. 
Edward L. Dent. 
AS ASSOCIATES. : 
AS JUNIORS. | 


Respectfully submitted. 
By the il, 


The report of the Finance Committee to the Council at its final 
meeting was also read, giving the summary of their work during 
the fiscal year just closed. This report was as follows : 

The Finance Committee would respectfully report to the Coun- 
cil, the following statement of the receipts and expenditures of 
the Society, under their direction for the twelve months ending 
November 1, 1887. 

The receipts have been as follows : 
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Balance in Treasurer’s hands November 1, 1886 ........ 984 69 


$11,570 89 


The expenditures have been as follows: 


General Printing and Stationery .............eceeeceee $700 28 
Printing Transactions and 3,165 2: 

Total Expenditures for the vear ............ $10,413 03 
Balance in Treasurer’s hands November 1, 1887........ 1,157 86 


$11,570 89 


Of this balance $1,112.31 stands to the credit of the Society for 
the library in savings banks, and $45.55 is in the hands of the 
treasurer as a balance to carry forward to the next fiscal year. 

There remains on the books outstanding $573.69 as due to the 
Society from thirty-one persons in the membership, all of which 
is probably collectable, and on the Suspended List brought over 
from January 1, 1887, $420, coming from several years back, prob- 
ably uncollectable. 

Respectfully submitted, 
By the Finance Committee. 


The Library Committee’s Report was also presented to the 
Society as follows : 

The Library Committee would present its Third Annual Re- 
port of the continued success of the plans outlined in the original 
report found on page 11 of Volume VI. of Transactions. Cireu- 
lars were again sent out in the beginning of the year to the mem- 
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bers who had not already subscribed, explanatory of the scheme, 
with a form of agreement requesting contributions in any of the 
three following forms: 

(a) Subscriptions to a Permanent Fund, in payments of $10 or 
upwards (payable in installments if preferred). 

To this there have been responses since the last report from 
four members: 


Edward Dent.... 
Charles A, Fingal 


—— $155 00 


(4) Annual subscriptions to an amount of two dollars to a fund 
for current library expenses, payable as an increase to the annual 
dues and at the same time. 

To this there have been responses since tlie last report above 
referred to, from 27 members: 


W. J. Nicoils, W. W. Dingee, tobert Hoe, 
James Butterworth, Stephen E. Babcock, W. H. Jones, 
Thomas J. Borden, E. D. Leavitt, Jr., John Jenkins, 

R. B. Collier, Norman T, Fraser, D. R. Fraser, 
Lewis Miller, Pardon Armington, Peter Kirkevag, 
Charles A. Knight, Walter C. Kerr, H. D. Williams, 
Fred. W. Gordon, W. HH. Francis, Walter Wood, 
Edward 8, Cobb, Charles A, Fingal, W. J. Root, 

C,. H. Foster, James Francis, Frank L.Griswold. 


There are, therefore, 147 members now regularly contributing 
to this fund by this plan of a small increase in the dues, and it is 
urged that others should also co-operate in the further extension 
of this plan, and thus induce a more wide-spread interest in the 
Library among the members. 

(c) Direct contributions of books and papers of value. To this 
there have been a number of responses during the year, particu- 
larly by members residing abroad. 

The following list contains the contributions not catalogued in 
previous report : 


By Hugo Bilgram : 


Slide Valve Gears, 
By W. A. Morrison : 
Practical Engineering. 
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By Oberlin Smith (pamphlet) : 

Flow of Metals in the Drawing Process. 
By W. H. Springer, Senr. : 

Recent Locomotives, with Illustrations. 
By A. H. Emery : 

Patent Office Reports, 1856-71. 


J. Bauschinger: 
Mittheilungen aus dem Mechanisch Laboratorium der K. Technischen 
Hochschule in Miinschen. 
Conclusions of the Conference at Munich and Dresden, on Uniform 
Methods of Investigation in the tests of standard material. 


y Samuel Webber : 
Manual of Power. 


By Military Service Institution, Governor's Island : 
Sets of Journal of Military Service Institution of the United States. 


By Prof. Reuleaux : 


New Discoveries in Steam Pumps and their operation. 


By Prof. Dwelshauvers Dery : 
L’enseignement de la Mechanique appliqué. 


By C. W. Livermore: 

Cooking and Heating by Gas. William H. Denny, F.R.S. 

Speed and carrying of Screw Steamers. William H. Denny, F.R.S. 

Yconomical adyautages of Steel Ship Building. William H. Denny, F.R.S. 

On Mr. Mansel’s and the late Mr. Froude’s methods of Analyzing the re- 
sults of Progressive Speed Trials. William H. Denny, F.R.S. 

Local Education in Naval Architecture. William H. Denny, F.R.S. 

On Cross Curves of Stability. William H. Denny, F.R.S. 

Stowage of Steam Ships. E. F. Purvis. 

Denny’s Confidential Report on the inclination of the S. S. ‘* Fernbrook.” 

Official Catalogue of International Inventions Exhibition, London. 

Official Guide to the International Exhibition, Loadon. 


By Thomas Shanks & Co.: 
Set of Photographs of Shop and Tools of their Manufacture. 
By George L. Fowler: 
A System of Estimating for Foundry Work. By A. Messerschutt. 


Translation—Fuels, Evaporation and Combustion. By J. Buchetti. 


By Engineering : 
Cable or Rope Traction. Bucknall Smith. 
By The Marquis de Coligny : 
Oscillation de l’Eau ; les Machines hydrauliques. 
Anonymous : 
Annual Report of the Toronto Water Works. 
Club de Engenharia, Rio de Janeiro, 
Revista Mensal Engenharia. Nos. 1,2, 3. 
By W. F. Durfee : 
Iron and Steel and the Mitis Process. 
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By J. Wiiey & Sons : 
Weisbach’s Mechanics. Vol. 2. 


By Frederick Cook : 
Proceedings of Louisiana Sugar Planters’ Association, July, 1887. 
By J. C. Trautwine: 
Excavation and Embankments. 
Railroad Curves, 
Engineer’s Pocketbook. 
By George M. Bond: 
Standards of Length and their Subdivision. 
Standards of Length as applied to Gauge Dimensions, pamphlets. 2 lectures. 
By A. P. Smith: 
Graphical Statics of Mechanism, by Gustav Herrmann. Translated and 
annotated by A. P. Smith, 


Moreover, since the previous report, the Society has acquired by 
purchase the complete proceedings of the Institution of Mechani- 
eal Engineers of Great Britain, from 1847 to the founding of this 
Society, since which time the volumes have come regularly by 
exchange. 

The Journal of the Iron and Steel Institute of Great Britain, 
from 1873 to date, has also been presented to the Library, and 
that publication hereafter will be one of the exchanges. 

In addition to the files of papers as previously published, we 
have also added to our exchanges : 

L’Industria, Milan, Italy, July, 1887. 

Giornal del Genio Civile, Rome, Italy, January, 1881. 
Industries, London and Manchester, July, 1836 
Practical Engineer, Manchester, March, 1887. 
Glaser’s Annalen, Berlin, January, 1887. 


Indian Engineering, Calcutta, January, 1887. 


The Society also exchanges with the Canadian Society of Civil 
Engineers, Montreal, Canada, and Bureau of Naval Intelligence, 
Washington, D. C., which arrangement has gone into effect since 
last report. 

By purchase from Mr. Frank E. Galloupe, of Boston, the miss- 
ing volumes of London Engineering have been in part supplied, 
and the set now only needs Vols. I. and II. 

The réport of the Committee on securing Uniformity in 
Methods of Test and in Test Specimens was submitted by its 

hairman as follows: 


Mr. H. R. Towne.—1 can simply report on behalf of our 
committee that some progress has been made since the last 
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meeting, but not what we had hoped to accomplish. This is 
largely due to the absence of Mr. Henning, the most active mem- 
ber of the committee and the one who has done most of its 
work, who has been for nearly six months past in Paris on busi- 
ness, and who has not yet returned. I may state in the interim 
that, as previously reported, a second set of specimens and test 
reports were seat out to almost every institution that we knew 
of as having a testing machine, and that returns have now 
been received from almost all of them, with the exception of a 
few which did not have machines of a proper character. The 
results of this work are undoubtedly going to be of much interest 
and value, and I think I can safely promise that at the next 
meeting of the society a definite report will be made. 

The report of the tellers to count the ballots cast for officers 
for the ensuing year was presented as follows: 

In compliance with Article No. 34 of Rules of the Society, the 
tellers appointed to count the ballots for election of officers for 
the year 1857-88 respectfully submit their report as follows: 

There were 395 votes cast. 


For President.......... Horace See received......... 3888—scattering 7 
** Vice-Presidents. .... H. G. Morris received........ 204 

C.J. H. Wocdbury received. . 395— 3 
W. H. Wiley received....... 395 

** Managers...........Stephen W. Baldwin received 402 

Morris Sellers received ..... 390 — 2 


There were five votes cast which were thrown out for infor- 
mality. 


No new business being presented, the professional papers were 
taken up. ‘The two papers of Mr. Henry I. Snell, “ Experiments 
and Experiences with Blowers,” “An Economical Method of 
Heating and Ventilating an Office and Warehouse Building,” 
were presented together. They received discussion by Messrs. 
Woodbury, Ashworth, Denton, Mattes, Schuhmann, Felton and 
Thurston. The paper of Professor Thurston, entitled “ Internal 
Friction of non-Condensing Engines,’ was discussed by Messrs. 
Denton and Towne. Mr. Oberlin Smith’s paper was next read, 
“Power Press Problems,” and discussed by Messrs. Grant, Lewis, 
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Crane, Coffin and Stiles, and the time for adjournment having been 
reached, the session adjourned. The afternoon was given to ex- 
cursions to points about the city of Philadelphia, as detailed in 
the excursion memorandum. 


Eventna Session, Tugspay, NOVEMBER 29ru. 


Tue third session for professional papers was held in the even- 
ing at eight o'clock. The first paper was that of Mr. John J. 
Grant, entitled “The Milling Machine as a Substitute for the 
Planer in Machine Construction,” and was discussed by Messrs. 
Towne, Webb, Potter, Denton, Sweet, Durfee and Hawkins. 
The paper of Mr. Frank Van Vleck, entitled “‘ Standard Section 
Lining,” was discussed by Messrs. Hutton, Grant, ‘Towne, Willson, 
Halsey, Coffin, Ladd and Weightman, and the debate resulted in 
a motion that a committee be appointed by the chair to con- 


sider the matter of recommending some system of section lining 
which could be accepted as standard among engineers. This 
motion was debated by Messrs. Sweet, Denton and Kent, but 
when the vote was taken the motion was lost. The debate on 
the motion is printed in connection with that upon the paper, as 
they were so intimately connected together, and appears in the 
subsequent part of the volume. The discussion was in part also 
upon the matter of precedent as to the work and results of such 
committees of the society in connection with the former debate 
at pages 365 and 877 of Volume VI. of the Transactions, 

The next paper was that of Mr. Perey A. Sanguinetti, entitled 
“On the Divergencies in Flange Diameters of Pumps, Valves, 
ete., of different Makers,” and was discussed by Messrs. Wm. 
O. Webber, Taylor, Towne, Le Van, Weightman, Engel, Raynal, 
Kent, Mattes, Hawkins, Davis, ‘Towne. This debate resulted 
in a motion for the appointment of a committee to consider this 
subject, which motion was carried, and the chair subsequently 
appointed Messrs. P. A. Sanguinetti, E. F. C. Davis, W. F. 
Mattes, 8. S. Webber, A. H. Raynal. 

The final paper of the evening session was by Mr. Wm. O. 
Webber, entitled “Centrifugal Pumps and their Efficiencies,” 
and was discussed by Messrs. Thurston, Wood, Bilgram and 
Denton. A late hour having been reached, at the close of this 
debate, the meeting adjourned. 
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FourRTH WEDNESDAY, NOVEMBER 30TH. 


THE session was called to order at eleven o clock, instead of at 
the earlier hour first assigned, in order to admit of a visit to a 
water-gas establishment near the city. 

The first paper was that of Professor Gaetano Lanza, entitled 
the “ Friction in Toothed Gearing,” and was discussed by Messrs. 
Webb, Bilgram, Lewis and Hawkins. Professor Lanza also pre- 
sented a paper by Mr. Jerome Sondericker, entitled * An Inves- 
tigation as to how to Test the Strength of Cements,” which was 
discussed by Messrs. Parsons and Denton. Mr. H. DeB. Parsons’ 
paper on “ The Influence of Sugar upon Cement,” was discusse:l 
by Messrs. Denton and Engel. The paper by Mr. John Coffin, 
on “ Steel Car Axles,’ was discussed by Messrs. Webber, {lewitt, 
Denton, Felton, Almond, Taylor, Hawkins and Babcock, and at 
its close the author exhibited some interesting experiments upon 
small steel bars in the heat of a Bunsen flame, two pieces being 
clamped together in tongs, heated to a low orange. It was 
found that it required considerable force to separate them, and 
that they did not separate exactly at the cleavage point of pre- 
vious breakage. 

The session was resumed after luncheon, with the paper by Mr. 
Edgar C. Felton on “ Notes on Results obtained from Steel 
Tested shortly after Rolling.” This was discussed by Messrs. 
Reese and Hewitt. The paper by Lewis F. Lyne, on “The Use of 
Kerosene Oil in Steam Boilers,” was discussed by Messrs. Ridg- 
way, Halsey, Engel, Denton, Schuhmann and Babeock. The 
paper by Mr. James M. Dodge, entitled ‘* A New Method of 
Stocking and Reloading Coal,” was then discussed by Messrs. 
Mattes and Davis. The paper by Mr. O. C. Woolson was illus- 
trated by further black-board illustrations and a model, and was 
discussed by Professor Denton. ‘“ An Interesting Indicator Dia- 
gram” was the title of a brief paper from Mr. C. E. Emery, dis- 
cussed by Mr. Hutton, and the paper of Mr. Frank H. Ball, “ An 
Improved form of Shaft Governor,” was discussed by Messrs. 
Webb, Hawkins, Babcock, Denton, Kerr, Bilgram, Lyne, Davis 
and Ladd. 

After the close of this final paper, the Topical Discussions 
were taken up until the hour of adjournment. Messrs. Raynal, 
Collins, Bilgram, Towne, Lyne, Engel, Doane, Mattes, Woolson, 
Falkenau, McBride answered the query: “ What is the best way 
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to secure tight fit of set screws tapped into heavy parts of a 
machine?” The topie: “ Are roller-bushings expedient in jour- 
nals at low velocities and under high pressures?” was discussed 
by Messrs. Warner and Woolson. The best material for lining 
brake-straps on elevators, cranes, drums, ete., was discussed by 
Messrs. Leavitt, Raynal and Davis. Mr. T. R. Morgan, Sr., spoke 
upon the best material for moulds for complicated steel castings. 
Messrs. Morgan, Towne, Mattes, Leavitt, Raynal, Kent and Davis 
spoke upon the effect of adding percentag 


s of wrought iron or 
steel scrap in the foundry cupola or ladle. Messrs. Lyne, Towne, 
Woolson, Davis, Babcock and Mattes discussed the best kind of 


pig iron for use in light castings where easy tool-treatment 1s 


the essential rather than strength. 


At the close of the last discussion new business was in order, 
and Mr. W. H. Doane presented a most cordial invitation for the 
society to stop over as a body in Cincinnati on its way to thie 
spring meeting in Nashville. By vote this matter was left to 
the council to arrange for, if possible. 


The following preamble and resolutions were then presented 


by Mr. Kent, warmly seconded, and passed by a rising vote : 


Whereas, The American Society of Mechanical Engineers, in closing its Eighth 


Annual Convention, desires to place on record its appreciation of the many cour- 


tesies exterded by the several members of the local committee, the committee of 


ladies, the manufacturers of the city and vicinity, the United States Government 


and other officials, and the many citizens of Philadelphia, who have contributed 
; 


to make this meeting one of the most memorable and enjoyable in the Society’s 
experie nee: 


Resolved, That we extend our heartiest thanks to Horace See, chairman, and 


to the members of the local committee for their uutiring efforts, and their brill- 


lant success in arranging and carrying out the programmes of excursions and 


entertainments, unsurpassed in their variety and unequaled in their excellence 


To John De Keim, of the Philadelphia and Reading R. R. Co., tor transporta- 


tion facilities furnished us in the excursions on the Delaware River. 
To Frederick B. Miles, Jos. J. DeKinder, Walter Wood, 8S. Ashton Hand, and 


J. M. Dodge, members of the local committee on transporiation, for their highly 


successful efforts in diminishing the magnificent distances of the city, so enabling 


us to visit the various industrial establishments. 


To the Hon. Daniel M. Fox, Director of the U. 8. Mint, for his courtesy in ex- 
tending an invitation to visit that institution. 


fo the proprietors and managers of the following industrial establishments, 


who have kindly thrown them open to our inspection: 
Baldwin Locomotive Works, 
Bement, Miles & Co. 


Bergner & Engel Brewing Co. 


The Wi, Cramp & Sons Ship and Engine Building Co. 
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Henry Disston & Sons. 

The Keystone Light & Power Co.’s Incandescent Electric Light Station, 

The Keystone Watch Case Co. 

The Kensington Engine Works, 

The I. P. Morris Co. 

The Otto Gas Engine Works. 

Wm. Sellers & Co. 

The Southwark Foundry & Machine Co. 

Williamson Bros. 

Wm. Wharton, Jr., & Co. 

Rielle Bros 

To the Managers of the Pennsylvania Museum and School of Industrial Art, 

for their invitation to visit the Museum and School. 

To John L. Ogden, Chief Engineer of the Philadelphia Water Department, for 
his invitation to visit the Spring Garden Pumping Station. 

To the citizens of Philadelphia, for affording us the privilege of a private view 
of the magnificent art collection at the Academy of Fine Arts, and the delights of 
a reception in that beautiful building. 

Last, but not least, 

To the ladies of the local committee for their hospitable entertainment of the 
visiting ladies, in showing them the various points of interest in the city of Broth- 
erly and Sisterly Love. 


At the close of the lunch provided by the Bethlehem Iron Com- 
pany on Thursday, the following resolutions were prepared and 
offered, and passed with acclamation : 


The American Society of Mechanical Engineers, desiring to put on record their 
most enthusiastic appreciation of ths courtesies which have been “extended to 
them by the 

Lehigh University, 

Lehigh Zine & Iron Co., and 

The Bethlehem Iron Co., 
have prepared the following resolutions : 


Resolved, That our thanks are hereby tendered to our Bethlehem hosts for their most generous 
and hospitable entertainment of the Society. 

Resolved, That we carry away from Bethlehem a more thorough appreciation than ever of the 
great interests, national in their character, which have been committed to our profession, and of 
the triumphs, world-wide, of mechanical engineering as applied to great industries 

Resolved, That these expressions be conveyed to our hosts with the assurance that they are no 
mere formal recognition of what we have this day enjoyed.* 


After the passage of the resolutions of thanks, the convention 
was adjourned. 


* Considerable amusement was afforded by the presentation, in the form of a minority report 
to the above, of the following travesty : 

Resolved, 1st. It is a long while since we have had so bully a time. In fact not since last night. 

2d. We have had a real bully time to-day. 

3d. Let us have as bully a time again soon. (!) 
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ENTEKTAINMENTS AND EXCURSIONS. 


Tue afternoon of Tuesday, November 29, was left without as- 
signment of professional sessions, to admit of visits to engineering 
establishments which had extended invitations to the members. 
Parties were made up on that day for Baldwin Locomotive Works, 
Bement, Miles & Co., Bergner & Engel Brewing Co., Wm. Cramp 
& Sons, Keystone Light & Power Co., Keystone Watch Case Co., 
Kensington Engine Works, I. P. Morris Co., Otto Gas Engine 
Works, Wm. Sellers & Co., Southwark Foundry & Machine Co., 
Williamson Bros., Wm. Wharton, Jr., & Co., Riehle Dros., and 
to the Pennsylvania Museum and School of Industrial Art. Small 
parties also visited Henry Disston & Sons’ establishment at Tacony 
on Wednesday morning to see a fuel-gas plant in operation at 
that time, and on Wednesday afternoon, a test of the Gaskill 
pumping engine was in progress at the Spring Garden Pumping 
Station, and was witnessed by several. 

On Wednesday evening a social reunion and reception was held 
for the Society in the Academy of Fine Arts on Broad and Cherry 
Streets, by citizens of Philadelphia. A committee of representa- 
tive Philadelphians acted as hostesses to receive the guests, and 
an opportunity was given to see the regular collection of art treas- 
ures and a special loan collection, on private view. The Academy 
was decorated with a profusion of flowers, and an orchestra con- 
tributed to the enjoyment of all. A fine supper was served in the 
Jecture hall below. 

On Thursday, a special train was provided by the P. & R. RK. R., 
on the North Penn Division, and took the party to Bethlehem, Pa. 
The conveyances at the depot took the visitors to the Lehigh 
University, to the Lehigh Zine and Iron Co., and finally to the 
office of the Bethlehem Iron Co. After a lunch in one of the 
rooms, the party was piloted through the works, and examined with 


special interest the buildings for the shops in which the govern- 
mental contracts are to be elaborated. After passing the votes of 
thanks, the party iu the main boarded the train in the yard of the 
Tron Co., and returned to Philadelphia, to enjoy the further cour- 
tesy of their hosts, who had provided theater parties as a closing 


entertainment. Operetta or tragedy was chosen as the varying 
taste of the members dictated. Quite a number remained over 
Friday for further opportunity to visit places of professional in- 
terest. 
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In addition to thé entertainment provided for visiting members, 
a committee of ladies of Philadelphia put themselves at the ser- 
vice of the ladies present, and escorted them on different days to 
the U.S. Mint, Independence Hall, Girard College, Fairmount 
Park, and to Memorial and Horticultural Hal’s, besides arranging 
a social reception for them in the hotel parlors, on an evening 


while a professional session of the members was in progress. 
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CCLXIL. 
PRESIDENT’S ADDRESS, 1887. 
THE ENGINEER: HIS COMMISSION AND HIS ACHIEVEMENTS. 


BY GEORGE H. BABCOCK, NEW YORK CITY, 


(President of the Soci ty 1886-87.) 


Tue eighth annual meeting of our Society opens under au- 
spicious circumstances. This Society, which less than eight years 
ago, was small and weak as a child just come into life, has leaped 
into vigorous manhood in so short a space of time that it seems 
almost to have sprung full-fledged from the brains of its founders, 
even as the fabled Athena from the bead of Zeus. And possibly 
there is more in this comparison than at first might appear, for 
did not Hephiestus, chief engineer of the heavenly host, by his 
skill and might bring that goddess into existence? and was not 
she the projector and patron of those places named in her honor 
“ Athenea,” where learned men met to read papers and discuss 
matters of moment, even as we are gathered together at this time ? 

This Society, but lately only a conception in the brain of a few 
engineers, has now attained to a membership of over 800, among 
whom are more mechanical engineers than the whole world could 
have mustered 100 years ago. This is acause for congratulation, 
but it is only one of the reasons why we meet to-night under 
auspicious circumstances. Another is that the character of the 
work done by the Society is improving year by year, while its 
transactions are being sought for by similar societies in different 
parts of the world. But the most auspicious element of the time 
is the fact that we are in the midst of great and wonderful achieve- 
ments in science and engineering, while the opportunities open- 
ing before us are simply marvelous in their possibilitics. As 


mechanical engineers we may perhaps be pardoned if we inquire 
what relations we bear to what has been done and what remains 
to be done in the line of the world’s progress. 

As was very truthfully said at the preliminary meeting for the 
organization of this Society, by one whom we delight to honor, 
A. L. Holley, the profession of the mechanical engineer underlies 
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all forms of engineering as well as architecture, manufactures and 
commerce, while Science even is dependent upon it for her means 
of progress. In like manner Iephestus seems to have been the 
indispensable member of the Olympian household, for Jupiter was 
indebted to him for his thunderbolts, Achilles for his shield, all 
the gods for their dwellings, and even Aphrodite, tle goddess of 
love, for her girdle. Thus, as was stated, the civil engineer may 
plan railroads, with their bridges, tunnels, cuttings and embank- 
ments, or lay out cities and waterways, but he cannot execute nor 
equip them without the aid of the mechanical engineer. Neither 
‘an the mining, electrical, marine or hydraulic engineer get along 
without calling in the assistance of his brother who deals mainly 
with dynamics. It is not necessary to elaborate this idea at this 
time, or before this andience. The fact is almost self-evident. 

But mechanical engineering is not only the most important, it 
is also the oldest art or profession on the face of the earth, ex- 
cepting only agriculture, if, indeed, that can be excepted, for not 
until a very recent date could that be said to have risen to the 
dignity of a profession. This is evidenced by the almost universal 
presence of an artificer among the mythological gods of all na- 
tions, as the Hindoo Tvashtri, the Egyptian Ptah, the Seandi- 
navian Thor, the Roman Vulcan, the Greek Hephiestus, ete. 

Engineering has, moreover, a divine commission, which is 
coeval with the creation of man, and co-extensive with the re- 
sources of nature. 

It is written in the earliest history of which we have any 
knowledge—a history which the critics who delight to tear down, 
rather than build up, claim to have been but a compilation of 
much earlier manuscripts,—that after the Creator had made the 
world and fashioned it for the abode of man, and had placed 
thereon the first human pair, he charged them to “ replenish the 
sarth and subdue it.’ We had been at work for ages, storing 
away in the bowels of Mother Earth a vast accumulation of 
metals, minerals, compounds, salts, liquids, and other treasures, 
for the future use of man. He had created the forces which, act- 
ing under his well-considered laws, carry on the processes of ua- 
ture, drive the chariots of the heavenly host and guide the infinite 
universe in one grand symphony of intermingling but harmonious 
motion. He had made man with God-like powers, and, having 
placed him upon the earth, he gave him as his task to subdue it to 
his own uses ; to delve after the hidden treasures, that they might 
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add to his comforts and convenience ; and to enslave the miglity 
forces of nature, compelling them to do his bidding even as they 
do the bidding of the Almighty. 

This, then, is the commission under which the mechanical en- 
gineer from that day to this has been working, and under which 
he is working to-day, looking forward to a future which shall 
bring with it the complete fulfillment of the task thus divinely 
imposed. 

Let us inquire first, what has been already accomplished 
toward this end, and then perhaps consider what achievements 
remain for us and those who come after us. Already man has 
dug deep and made grand discoveries of hidden treasures, such as 
iron, copper, gold, and about fifty other metals, coal, salt, sulphur, 
asphalt and several hundred other minerals, besides gems of un- 
told value. From these the mechanical engineer has created 
wondrous constructions, and for them discovered various uses, all 
of which have contributed to the elevation and happiness of the 
race. We have but to reeall the condition of man in the so- 
called stone age—which, by the way, is only relative, for there has 
not been a time from the creation of man up to the present, when 
a stone age has not existed somewhere upon the earth—to see 
what advantages have come to us from the knowledge of the 
metals and minerals, and the adaptation of them to our uses. 
And yet, of the fifty or more metals now known, only eighteen 


have so far been employed in the mechanic arts, and not more 


then a dozen of these until quite recently. 

See what the engineer has wrouglit with the one metal, iron. 
From the small beginnings of the days of Tubal Cain it has come 
to be the most abundant and the most valuable to man of all the 
metals. It enters into nearly every construction, from that of the 
nail fastening the wooden box to the almost living locomotive, 
rushing with the speed of the storm-wind along the iron ways 
with which the engineer has imprisoned the earth as in a net. 
From it he constructs the larger part of the machinery with which 
he supplants and surpasses manual labor. He draws it into wire 
and stretches it around the globe that the ends of the earth may be 
brought together; and with the same wire he builds a marriage tie 
between cities which rushing waters strive in vain to separate. 
Of it he makes our cooking utensils, and our steam boilers; our 
pens and our printing presses; our keenest cutlery and our con- 
quering cannon. It supplies the tools with which we build, and 
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itself enters largely into all our most important structural work. 
Of it the engineer makes the implements with which to cultivate 
the soil, and the mighty steamships which plow the oceans. This 
latter is probably true to a fuller extent than we are in the habit 
of thinking, for it is stated that of the 10,000 steamers in exist- 
ence, 9,000 are built of iron and steel, the tonnage of which 
amounts to fully 96 per cent. of the total tonnage of the world. 
Withthe minerals he also has supplied many needs and luxuries 
for man. There is coal, for example. The 400,000,000 tons, in 
round numbers, annually mined, give life and warmth and power to 
probably one-third of the inhabitants of the globe. Blot it out. 
Let it be as if it had never been. The wheels of commerce and 
production would stop, almost the pulses of life itself would cease 
to beat, and man would ere long relapse into savagery, vuless he 
should find some substitute in other provisions of nature. There 
is some probability that the world’s supply of coal will become 
exhausted in process of time. Before that time doubtless some 
other means will have been wrested from the secrets of Nature, by 
which the processes now dependent upon coal will be carried on ; 
but at present it is scarcely too much to say that civilization, if not 
existence, is dependent upon coal. So, in a less important degree, 
has the liquid mineral, petroleum, come to be almost the world’s 
source of artificial light. It came to pass that after the torch of 
the Aborigines, the smoky olive-oil lamp of the Orientals, the 
rush-light of the North-man, and the tallow eandles of our more 
immediate ancestors had passed into antiquity, and the whaling 
fleet had nearly exterminated the oil-producing cetacea, that the 
mechanical engineer found means for burning petroleum, a sub- 
stance which had long been known but not put to use, and then 
by ingenious boring implements he penetrated the storehouses in 
which beneficent Nature had laid it away for just such an emergency. 
Having devised means for refining it, and packing it securely from 
leakage, he now sends it to almost every part of the known world 
for the purpose of giving light to the inhabitants thereof. The 
extent of this business is simply enormous, if it might not be called 
incredible. There are no less than one hundred thousand tin cans, 
of five gallons each, put up and shipped from the United States 
alone, every day of the year. The production in this country last 
year was about one thousand million gallons, while the amount 
shipped over the Trans-Caucasian railway from the Russian wells 
is over one hundred million gallons more. 
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But there are other ways in which the mechanical engineer has 
subdued the earth in response to his divine commission. He has 
overcome its stoutest obstacles and compelled it to open to him 
pathways wherever he has desired to go. Rivers, oceans, and 
mountains have alike vielded to his imperious will. No river is so 
wide or so rapid but he ean bridge it ; no mountain so high or so 
broad but if he wish he can tunnel it. A monument in the city of 
Turin commemorates the completion of one of the triumphs of 
modern engineering—the great tunnel through Mt. Cenis, by which 
a pathway was opened between France and Italy through the Alps. 
It is a tall, pyramidal structure of dark, rough rocks, reminding 
one of some inaccessible Alpine pinnacle, on the top of which 
stands Victory, maimed but triumphant, with pen in hand writing 
down in endless honor the name of the engineer who had achieved 
the gigantic task. But, alas, along the pathway up the sides of 
the pinnacle by which Victory had gained the giddy height, lie the 
broken, crushed, and bleeding bodies of men who had given their 
lives to secure the final triumph. It is a sad memento of the cost, 
but just below them gushes out a perennial stream of pure, limpid 
water, emblematic of the never-ending beneficence which flows 
from the completed work. IL remember seeing, about a dozen 
years ago, just as this giant work was finished, a prediction that 
the cost in life and treasure was so great that no similar work 
would ever be again undertaken, but in less than a decade the 
world saw the completion of another and longer tunnel through 
the same great range of mountains, and one which is, to my mind, 
afar more wonderful achievement. The approaches to the St. 
Gothard tunnel are not only unique, but are a stroke of genius, 
surpassing as an engineering feat the long tunnel itself. I refer 
particularly to the corkserew tunnels, the invention of Mr. Helwag, 
by which the trains climb up the almost perpendicular mountains. 
Coming from the Italian side, after leaving the pretty little forti- 
fied town of Bellinzona, you run along up the ravines until you 
come to a place where it seems impossible to go farther. Here 
your train plunges into the face of the mountain, and for a mile 
and over you travel under ground. If you watch a compass you 
will notice that you are traveling in a circle, and directly you 
emerge into daylight you look down, and there, two hundred feet 
below is the track and tunnel-mouth where you entered. You 
have but a minute to see this, however, before you again plunge 
into the mountain, and after a time again emerge, another two 
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hundred feet higher up the face of the mountain, with the tracks 
and openings below you to show how far you have climbed. 
Four times this is repeated before you come to the great tunnel, 
which itself is over nine miles long, and in descending on the other 
side you find three more similar spirals. "Tis said that Napoleon 
once rode his horse up the spiral incline in the Campanile at 
Venice, but it was reserved for our time to see a locomotive with 
a train of cars perform a similar feat every day in the year. 

But the engineer has not only penetrated mountains for road- 
ways and bored deep into the earth for treasures, but he has 
bound the earth in bands of iron and steel, until they have become 
a net-work upon the surface of the land. No less than 350,000 
miles of railroad have already been built, nearly one-half of which 
is in the United States, and the work is going on in an increasing 
ratio every year. ‘The waters of the globe are all his pathways ; 
his ships and his steamers plow every ocean, carrying the com- 
merce of continents; and he has almost learned to laugh at the 
fiercest fury and maddest moods of old Neptune, who no longer 
rules the sea. 

There is also another way wherein the engineer has conquered 
Mother Earth and compelled her to yield him service, and that is 
by turning aside water-ways and causing them to irrigate barren 
places, whereby they have become green and fruitful. The ex- 
tent to which this has been done in many lands is very great, and 
the cost of some of the works is almost fabulous. Beginning back 
in the days of Joseph in Egypt, it has spread over nearly all parts 
of the habitable globe. We have not been in the habit of look- 
ing upon Joseph, the favorite son of Israel, the boy dreamer, the 
incorruptible slave, the reader of visions, and the prime minister 
of Egypt, as an engineer also, but late discoveries, coupled with 
ancient tradition and statements of early historians—which have 
been looked upon as myths until proven true by such discoveries— 
compel us to place his name high among the fraternity of which 
we ourselves are members. There seems now to be little doubt 
that not only was he the inventor of artificial irrigation, but that 
he was also the engineer of the most extensive works ever con- 
structed for that purpose. For many years an ancient canal called 
Bahr Yoosuf, or the “ River of Joseph,” has been known to exist 
on the west of the Nile, extending some 350 miles in its sinuosities 
along the river bank, and still supplying water for irrigation of a 
section called the Fayoum, which otherwise would be cut off from 
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the benefit of the annual overflowing of the river. There is also 
a tradition of a great artificial lake, Mceris, to the south of this 
tract, “so large that it not only modified the climate, tempering 
the arid winds of the desert, and converting them into balmy airs 
which nourished the vines into a fullness and a fragrance unknown 
in any other part of the country, but also added to the food sup- 
ply of the land such immense quantities of fish that the royal pre- 
rogatives of the right of piscary at the great weir was valued at a 
quarter million dollars annually.” Herodotus says of this lake, 
which was in existence in his time, some 2350 years ago, that it 
was 450 miles in circumference and some 300 feet deep, and that 
its most important service was as a grand reservoir for storing for 
use in times of drought the surplus waters of the Nile. Strabo 
also says that in his day, about 450 years later, it performed this 
function so well that when the Nile rose twelve cubits there was 
plenty in Egypt, and even when it rose eight cubits the dearth was 
scarcely felt, because the waters of Lake Mceris made up the lack. 

Now, modern criticism has relegated all this to the myths and 
extravagance of early story tellers, but the researches and explo- 
rations of ay American engineer, Mr. Cope Whitehouse, within 
the last five years, have demonstrated the truthfulness of the old 
historians, by locating and surveying the bed of the old lake, 
which he finds to agree remarkably with their descriptions. 
Moreover, the old Buhr Yoosuf was the feeder of this great arti- 
ficial lake, through which the surplus waters of the Nile were 
taken to its basin, and the service which this canal now performs 
is but an inferior part of the work assigned to it by its illustrious 
engineer four thousand years ago. ‘Tradition says it was built 
by the Joseph of Bible story, and that the great lake was finished 
during the reign of one prince ; and what we know of chronology 
makes this probable. What is more likely than thet, during and 
after the great famine, Joseph designed and carried out this gi- 
gantic work, to insure that no such calamity should ever again 
visit the land? History gives no instance of such a famine since. 


Plans have been prepared and steps are now being taken to open 
a new connection between the Nile and the bed of the old lake, 
and it is not improbable that a few years hence it will again be 
as it was in the days of the Pharaolis. The restoration of this 
work, it is estimated, will double the acreage of cultivable land 
in Egypt. 


But probably the most important achievements of the engineer 
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toward fulfilling his commission lie in enslaving the forces of 
nature and compeiling them to do his will. Doubtless it was 
sarly in the history of the race that man found that failing water 
could turn a wheel and save manual labor. Before that he had 
depended upon himself or a beast of burden. Now he had put to 
work a foree, which, though he neither understood its nature or 
name, he could nevertheless compel to do him service. We know 
this force as “ gravitation,” and have mastered some of its laws, but 
to define what it is, and whence it comes, and through what 
medium it works, we are as much at a loss as was the first man 
who observed any of its effects. We know that it is the force 
which holds the worlds in their orbits and guides them in thei 
flight ; a force infinite in its outreaching, but not disdaining to do 
the humbler task of holding each grain of sand and each drop of 
water to the bosom of their mother Earth, or of bringing them 
back when they have been enticed away. This force the en- 
gineer has harnessed, and not only does he compel it to drive his 
water wheels and spindles, but he makes it parcel out his com- 
modities of nearly every kind and quantity, and keep his time by 
the swinging of a pendulum. He calls upon it to lift his boats of 
hundreds of tons from lock to lock, and sets it in sleepless watch 
over each individual thread in his looms, that when one shall fail, 
this powerful force shall ring a bell or stop the machine. Thus 
in an almost infinite number of tasks, from mighty to minute, he 
calls it to his aid, and ever finds it a docile and etlicient servant. 
Another foree or quality of matter which the engineer has 
ealled to do his bidding is that of momentum or inertia. He 
fiads it riding on the wind and compels it to waft his boat 
whithersoever he will; he makes it grind his corn, pump his 
water, and perform many other tasks at little cost. He discovers 
it sitting on his hammers, and puts it at work driving nail<, break- 
ing stones, and riveting the boilers, and forging the enormous 
shafts required for his great steamships. He sets it to engraving 
the most delicate figures upon glass, and compels it to batter 
down the heaviest battlements and pierce the thickest steel armor 
he can construct. When it exhibits itself in the form of centri- 
fugal force he sets it to skimming milk, drying clothes, purging 
sugar, pulverizing the hardest rocks, and regulating his powerful 
engines. 
But the foree which has done more and more varied work for 


the engineer is comprehended under the term heat. I am aware 


PRESIDENTS ADDLESS, 1887. 


that heat is not a force, according to the scientific definition of 
the term; that speaking in the strictest sense it is only the effect 
of a form of molecular motion upon animal nerves, but we may 
be pardoned for using it in this popular way for the want of a 
more comprehensive word to express the energy which exists in 
that mode of motion which we eall heat. The effect of this 
“ foree, agent, or principle,” as Webster defines it, to change the 
condition of matter must have early attracted the attention of 
man, for he very soon learned to melt, cast and forge metals, 
and to harden his pottery by its aid, as wellas to cook his food. 
Ethnologists conclude that no race or tribe of men ever existed 
who were unacquainte d with fire, and it is significant that in all 
the ancient mythologies the god of fire was the one who had 
charge of the engineering department of the cultus. This would 
indicate that, even in the earliest times, heat and engineermg 
were c¢] sely associated. We cannot, however, find that the 


development of power by the agency of heat was attempt 


fore the davs of Hero, one hundred years prior to the Christian 
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era, unless we credit the statement that the celebrated statue of 
that great engineer, Amenophis ILL, which the Greeks mistook 
for a statue of their god Memnon, was earlier caused to salute 
the sunrise by an audible sound produced through the heat of 
the sun's rays expanding air in a closed vessel. 

It was, however, reserved for the century immediately preced- 
ing the present, to bring into being that greatest step in engineer- 
ing art, the modern heat engine. It is not necessary before this 
audience to recapitulate the triumphs of this age in the develop- 
ment of this source of power, or to enumerate the ways in which 
it serves mankind. Suflice it to say that it is estimated that the 
steam engines of the world at the present time equal in capacity 
for work twice that of the total working population of the earth, 
and that there is scarcely a task which man can perform which is 
not being done better by steam power. When we consider that 
probably 80 per cent. of these engines have been built within 
the last twenty-five years, the mind refuses to contemplate the 
possibilities in the near future, should the increase continue at 
the same rate. The subjugation of this power las, moreover, 
not only tended to save labor to the great extent above indicated, 
but it has shortened the distance between places, measured in 
time, from 75 to 90 per cent., and by so much has added to our 


capacity for doing business, wherein the exchange of commodities 
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or correspondence forms a feature. We have only to stop and 
think what would be the result upon the business of to-day if all 
the steam power, including railway and marine, were blotted 
and we had only the facilities which our grandfathers enjoyed less 
than one hundred years ago, to form some idea, though it must 
necessarily be an inadequate one, of the benefits we derive from 
the subjugation of this power to the uses of mankind, and the 
indebtedness of the world to the mechanical engineers through 
whom it has been accomplished. 

It has been said that tire is a good servant but a bad master, 
and the enormous quantity of property which has been and is being 
annually destroyed by it would seem to prove the aphorism. The 
engineer has subdued it in some respects, and compelled it to do 
his work, but it is nevertheless true that at times it “takes the 
bit in its teeth,” as horsemen say, and becomes master of the 
occasion in spite of all that man can do to prevent it. It is in 
consequence of this fact that 160,000,000 are yearly spent in 
this country in maintaining insurance companies and fire depart- 
ments. ‘Tho experience of the last ten years, however, leads us 
to hope that it is not always so to be. Through the efforts mainly 
of two of the members of this society, Mr. Grinnell and Mr. 
Woodbury, fire has been compelled to set a watch apon itself and 
act as its own fireman. By the use of what are known as “au- 
tomatic sprinklers,” the heat of the fire sets in action a discharge 
of water which quickly smothers it out. So efficient is this 
apparatus that it has reduced the losses from fires where it has 


beeu employed 95} per cent., as is shown by the records for ten 
years of the Associated Mutual Fire Insurance Companies of 
New England. It would seem that this is about the last step in 
the subjugation of this mighty force, and that henceforth it must 
submit to the dominion of mind. 


Yet another great force, or manifestation of force, in nature, is 
already yielding its neck to the yoke prepared for it by the me- 
chanical engineer, and it will doubtless ere long become one of his 
most useful servants. In ancient times it was known only as the 
thunderbolts of Jove, or the recoiling hammer of Thor, the engi- 
neer god of our Scandinavian ancestors. Its subjugation to the 
uses of mankind began but a few years back, comparatively, but 
it bids fair to be in the not distant future the most docile as well 
as the most powerful force at the command of man. It had long 
been known as a terror, and had been played with as a toy, but 
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our own Franklin, in this very city where we are now assembled, 
was the first to show that the terror and the toy were one. He 
not only made the lightning a plaything, but he taught us to 
divest it of its direst dreads. Other ready hands took up the 
work of subduing it, and now it rings our call bells, lights our 
gas, watches sleeplessly in our dwellings for burglars, regulates 
the heat in our rooms to a fraction of a degree, inakes our plated 
ware and our electrotypes, duplicates our medals, and starts our 
exhibitions at the nod of a president or a king a thousand miles 
away. It floods our streets and public halls with light, and 
furnishes a tiny fire-fly lamp to explore the inner recesses of our 
bodies. It drives our sewing machines and our street cars, and 
is even trying its hand at boats and railways. It concentrates 
into a point the heat equivalent to 500 horse-power of work, and 
vaporizes metals which we have scarcely been able otherwise to 
melt. It welds together rods and shafts, as it were, with a touch, 
and smelts the most refractory ores. 

But its most useful aud unique service is as a carrier of mes- 
sages. It takes no note of time or distance, but runs as quickly 
ten thousand miles as one. When the genius of Shakespeare in- 
spired the brain of the immortal Puck to conceive the boast that 
he would “ put a girdle around the earth in forty minutes,” he 
could not have foreseen the girdles of wire which now surround 
the globe, and on which even more sprightly elves than Puck 
himself travel around the globe with the speed of thought. It 
was two hundred years after Shakespeare wrote ‘“ Midsummer 
Night’s Dream” before the first telegraph line was built. That 
was in the lifetime of many of those who hear me to-night. At 
the present time no less than 1,700,000 miles of telegraph wire are 
stretched upon poles throughout the world, and eleven cables lie 
upon the ocean’s bottom connecting continents, not counting short 
cables between islands, ete. We read at our breakfast tables in 
the morning the news of the whole world of the events of the 
evening before, some of it at an earlier hour than it occurs, and 
business men trade with customers one thousand or three 
thousand miles away with almost the same facility as with their 
next door neighbors. 

And this is not all. This wonderful sprite will carry our very 
voices miles away, and whisper our words in the ear of a listen- 
ing friend, with every intonation and individual peculiarity, so 
perfect that the hearer imagines that he hears us speak. And to 
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all intents and purposes it is the same, for he never fails to repeat 
us with the fidelity of the Chinese artisan who copies all the 
patches and darns and flyspecks with the same accuracy as he 
does the more important items of his pattern. So it has come to 
pass that we cfn talk with our friends hundreds of miles away as 
readily as if they sat by our side, and it is possible for us to listen 
to an opera or a sermon without leaving our own firesides. And 
now comes one who has taught the electric genius to write or 
draw, at almost any distance and at the same instant, the very 
words and characters we trace with our pen as we sit at our desk, 
so that our correspondent in Baltimore or Boston sees, as it were, 
the very motion of our pen before his eyes and recognizes our 
handwriting. 

But I need not enumerate the wonders which mechanical 
genius and skill have wrought in this, our day, in the line of the 
first grand commission to “subdue the earth.” You see them all 
about you. You bask in their beneficence. Life to you would 
no longer be life were you deprived of the advantages you enjoy 
through their existence. 

The question only remains, What will be the outcome? To 
what shall we look forward as the field for future achievement ? 
Can we go on at the same rate of advancement, or must we per- 
force stop, as did Alexander, for want of other worlds to conquer ? 
Towards the end of the last century—after Priestley had discovered 
oxygen ; Galvani had found the supposed secret of life ; the Leyden 
jar had shocked crowned heads as well as philosophers; Watt 
had brought steam into practical use; Arkwright had invented 
the spinning frame and Cartwright the power loom ; Murdock had 
begun lighting buildings by gas ; Cort had invented the puddling 
furnace and the rolling mill, and Tennant had produced chloride 
of lime and applied it to bleaching purposes—a prominent sci- 
entist said that the end of discovery must be about reached, and 
that there could be no probability that the next age would ad- 
vance as rapidly as that had done! But discovery has followed 
discovery in a geometrically progressing ratio, until at the present 
time we stand aghast, and say, “ What can come next?” It is, 
however, probable that the future will bring many a discovery and 
application of knowledge, as far beyond anything we can now 
imagine as sewing machines and mowing machines, railroads and 
steamships, celluloid and dynamite, rock drills and rotary print- 
ing presses, vulcanized india-rubber and Bessemer steel, borin: 
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for oil and burning water gas, photography and the phonograph, 
electric light and electric smelting, the telegraph and the tele- 
phone, the spectroscope and hundreds of other discoveries and 
inventions of the nineteenth century, were beyond the thoughts 
of our grandfathers one hundred years ago. 

But though we cannot foretell what wonderful things may be in 
store for us in the future, we may at least speculate a little, based 
upon the knowledge we now have. I have spoken of the prob- 
able exhaustion of our coal fields, and the necessity of finding 
some substitute. There is a source of heat fully capable of sup- 
plying all we need, if it can be utilized ; that is the sun. It has 
come to be generally admitted that coal is, in a sense, nothing but 
condensed sunlight, stored up in ages past for our present use. 
Now if we can only devise means for imprisoning the heat of the 
sun, so as to use it as we may need, then we can abandon our 
coal mines and forget that they ever existed. The amount of this 
heat, in one minute, as determined by the United States expedi- 
tion to Mount Whitney, is sufficient to heat one gram of water 
three degrees centigrade for each square centimeter of the ex- 
posed surface of the earth. But this conveys little idea to the 
mind not educated to think in such measures. It may be better 
understood if we say that itis equivalent to the heat generated by 
the combustion of, in round numbers, one thousand millions of 
tons of coal for every minute in the year; or one million three 
handred thousand times as much as is now mined. Surely this 
is sufticient for all the wants of mankind, and already an honored 
member of our Society, Captain Ericsson, has shown us how a 
portion of it can be conserved. But the question may be asked, 
What would be the result upon the condition of things should this 
heat, which now goes to warm the earth and promote vegetation, 
be used for other purposes? To this it may be answered that 
as the earth does not grow warmer, year by year, all the heat it 
receives must be either changed to other forms of energy, or be 
radiated into space. It is likely, therefore, that the heat radiated 
from the earth is nearly as great as that received, and possibly 
some way may be discovered to eatcl it on its outward journey, 
if it be found that the amount necessary for our purpose would 
rob nature of her share. But as the burning of four hundred 
million tons of coal, and probably as much more wood, upon the 
sarth per annum, does not seem to perceptibly alter the character 
of our seasons, it is probable that a similar amount taken from 
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the heat received from the sun would not produce a noticeable 
effect upon the processes of nature. 

But we must learn to conserve our heat better, and instead of 
the present wasteful mode of making power by means of steam, 
by which only one-tenth of the heat generated is utilized, some 
better means must be discovered of turning heat into work. The 
generation of electricity directly by the combustion of coal has 
often been suggested as a possible thing, and one of our members, 
Mr. Edison, is even now working with some success upon the prob- 
lem. Should some future genius succeed in utilizing the heat as 
fully in a thermo-electric generator as is now done in our steam 
boilers, the coming age will get its power at one-fifth the cost of 
the most economical engines of this day, and then if the radiant 
heat of the sun can be caused to take the form of electrical force, 
factories, railroads, and steamships will be driven and lighted with 
no expense beyond the interest and wear and tear of the machin- 
ery. 

It is not, however, necessary for us to wait for the discovery of 
this efficient thermo-electric generator before we can conserve our 
fuel. We now have the means by which the water power which 
is going to waste can be transmitted to localities where more power 
is demanded. Electric dynamos have attained to as high as 90 
per cent. efficiency, and if they can be made perfectly reversible, 
which at least seems probable, we should be able to transmit 
power with comparatively small loss. The water power of the 
world is estimated at 200,000,000 horse-power, and when we have 
conserved this we shall have enough to supply the world’s work 
for years to come; then there are the enormous energies of the 
tides, and of the winds, which might be added thereto, when we 
have perfected storage batteries, so that the extremes of effort of 
such forces may be graded down into a constant mean. - 

In looking about for fields to conquer, the question springs to 
the mind, Shall we ever fly? That has been one of the dreams of 
mankind from the earliest ages. He has looked upon the birds 
as they sailed through the air, apparently without effort, and has 
wondered why he could not attain to the same mode of motion. 
Why not? It is simply a question of sufficient power within a 
given weight. The weight of our steam engines per horse power 
has been decreased 87 per cent. in the last five years, and we are 
not yet at the end. We are also reducing very rapidly the weight 
of our dynamos and electric engines in proportion to t :eir power, 
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so that it is now but one-quarter of what it was five years ago. 
When man has learned to generate power with say one-tenth the 
weight of apparatus that is now required, then by making the 
framework of his flying machine of aluminium tubes, there is no 
good reason to doubt that he will become master of the air, as he 
is now master of the water, and will be able to fly from place to 
place with all the certainty aud safety of a bird. 

But I will not detain you by further speculations as to the fu- 
ture triumphs of our profession. That they will be great, does not 
admit of a doubt, in view of the past. That they will be more 
wonderful and important than we can now comprehend, is proba- 
ble from the analogy of history. That they will elevate and en- 
noble man, lift him out of many of his present limitations, and 
make him the master where now he is the victim, is certain, be- 
cause that has always been the effect heretofore, and because it is 
the end for which the engineer is commissioned. This Society is 


to be a factor in such result. Its every meeting to mingle expe- 


riences, to discuss causes, to compare attainments, and to encour- 
age research, is a step toward the final achievement when every 
force in nature and every created thing shall be subject to the 
control of man. 
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CCLXUL. 


NOTES ON RESULTS OBTAINED FROM STEEL 
TESTED SHORTLY AFTER ROLLING. 
BY EDGAR C, FELTON, STEELTON, PA. 
(Member of the Society.) 
Two years or more ago some interesting facts were noticed in 
connection with certain tests then being made by the Pennsylvania 
Steel Co. on structural steels for a well-known bridge across the 


Ohio River. These facts were as follows: The inspector employed 


by the Bridge Company for whom the work was being done, being 
in a great hurry to leave our works, had tested several heats on the 
same day that the test bars had been rolled, and had rejected each 
heat so tested ; the cause of rejection in each case being a low per- 
centage of reduction of area. Several days later, pieces cut from 
the same bars were tested and found to fill the requirements of the 
same specifications perfectly, the percentage of reduction of area 
in the last test pieces broken being much higher than in those 
broken on the same day that the bar was roiled. Here was evi- 
dently something worth investigating. Knowing the very mislead- 
ing conclusions which can be obtained by reasoning from an insuf- 
ficient number of experiments where the conditions are as compli- 
eated and variable as in the making of a steel bar, it seemed best 
to get as large an accumulation of data as possible together, and 
then endeavor to read their story and deduce a theory which would 
explain what they told. Accordingly, at such times as it has been 
possible during the past two years, experiments have been carried 
on by testing bars of steel immediately after rolling and again after 
several days have elapsed, and the data so accumulated are now 
thought to be sufficient to arrange and discuss intelligently. 

The steel tested was all of a structural quality and made by the 
open hearth process, the conditions of working being kept uniform 
as nearly as possible. After melting, the steel almost without ex- 
ception passed through the following stagesof manufacture: an in- 
got 14 inches square and weighing about 2,850 lbs. was poured, re- 
heated and rolled into a bloom 7 inches square. This 7-inch square 
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bloom was next reheated and either hammered or rolled into a 4- 
inch square billet. The billet was reheated and in the case of the 
“ ouide ” rounds was rolled at once into a ? inch round bar; in the 
case of the “hand” 


square, reheated and rolled into a ? inch round bar. For the better 


rounds, was broken down to about 13} inches 


understanding of those unfamiliar with the practical work of the roll- 
ing mill, T will explain the difference between the “ hand” and 
” guide” round, The hand round is made by rolling the billet 
into a bar of rectangular section, the shortest side of the rectangle 
being a trifle longer than the diameter of the round into which the 
bar is to be rolled. This piece of rectangular section is formed by 
several grooves in the rolls into a round slightly larger than the fin- 
ished bar is to be, and this round is then passed through the finish- 
ing groove of the rolls several times, the bar being rotated after 
each pass through about 90°. A new portion of its surface is thus 
brought in contact with the rolls in each succeeding pass. The re- 
ductions at each pass in this method of rolling are very small and 
the heat at which the work is done is very low. The guide round, on 
the other hand, is rolled as follows: a bar of rectangular shape is first 
made and then rolled into a bar of elliptical section, the conjugate 
axis of the ellipse being slightly less than the diameter of the round 
which is to be made from it. This elliptical bar is next thrust be- 
“tween guides which are made to fit it closely and hold it firmly 
with its transverse axis in a vertical position, into the finishing 
groove of the rolls which forms it at one pass into a round bar. 
Almost the entire surface of the bar is in contact with the rolls in 
this finishing groove, and the amount of reduction is very much 
greater than is the case with the hand round; the heat at which 
the work is done is much higher also. The principal differences 
in the methods of rolling the two are these: that the hand round is 
finished at a much lower temperature by passing through the fin- 
ishing groove in the rolls a considerable number of times with 
very slight reductions each time. The guide round, on the other 
h: nd, is finished at a much higher temperature by being squeezed 
at one pass from an ellipse into a round, the amount of work done 
in this pass being considerable. It will thus be seen at a glance 
by any one familiar with the working of steel that the work done in 
finishing the hand round takes effect on the surface principally, 
while that dene in finishing the guide round affects the whole area 
of the bar. The work done on the hand round is approximately 


the same as that done on the universal plate mill, now so largely 
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used in bridge and girder construction, while that done on the 
guide round is very much like that to which an angle bar is sub- 
jected in rolling. It was thought well to go thus particularly into 
the difference between the two methods of rolling the test bars, 
since a considerable difference was found in the results obtained 
from hand and guide rounds. 


In the following tables the results obtained from hand and 
guide rounds are grouped separately. In both tables the averages 
of results obtained from pieces tested within twenty-four hours of 
the time of rolling are compared with the averages of results ob- 


tained from pieces cut from the same bars but tested more than 
twenty-four hours after rolling. The tables are further subdivided 
into groups according to the ultimate strength of the heats included 
in them. The data contained in the tables were obtained by break- 
ing 446 test pieces from 102 separate open hearth heats. ‘The tests 
were all made on one testing machine running at a constant rate of 
speed, and all conditions were made as uniform as possible. The 
elastic limit was in all cases determined by the dropping of the 
beam of the machine, and the percentage of elongation was taken 
on an original length of 8 inches, 


TABLE I. 


RESULTS FROM HAND ROUNDS, 

Elonga- Ultimate 

strength, 

ibs. per sq. 
inch. 


Reduction ‘jy Elastic limit, 
of area. Per poy lbs. per 
cent. cent. 8q. In 
Group 1. Averages from 5 heats of 60,000 to 65,000 lbs. ultimate strength. 
50.09 25.79 5,689 61,821 Av. of 10 tests made within 24 h. of rolling. 
53.93 26.90 44,482 62,206 Av. of 5 tests made 24 h. or more after rolling. 
+ 2.14 + 1.11 — 1,207 + 385 Increase or decrease. 


Group 2. Averages from 5 heats of 65,000 to 70,000 lbs. ultimate strength. 


48,277 67 897 Av. of 32 tests made within 24h. of rolling 
47,806 67,717 Av. of 12 tests made 24 h. or more after rolling. 
— 471 — 180 Increase or decrease. 


Group 3. Averages from 6 heats of 70,000 to 75,000 lbs. ultimate strength. 


38.17 22.61 47,946 0: Av. of 21 tests made within 24 h. of rolling. 
41.12 23.27 48,248 2,25 Av. of 20 tests made 24 h. or more after rolling. 
+ 2.95 + .66 + 302 +18 Increase or decrease. 


Group 4. Averages of 3 heats of 75,000 to 80,000 lbs. ultimate strength. 


39.90 22.55 52,998 77,380 Av. of 10 tests made within 24 h. of rolling. 
46.66 23.31 52,189 T7487 Av. of 8 tests made 24 h. or more after rolling. 
+ 6.76 + 1.06 — 809 +10 Increase or decrease. 


51.86 25.87 

52.23 25. 62 

+ 2.07 
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Group 5. Averages of 1 heat of 80,000 to 85,000 lbs. ultimate strength 
Reduction 
of area. Per 8 Dee 
cent, 
cent, 


Ultimate 

strength, 

ibs. per sq. 
inch, 


Elastic limit, 
Ds. per 
In. 


49 82 23,21 57,020 83,821 Av. of 7 tests made within 24 h. of rolling 
50,26 23.50 57,23: 83,857 Av. of 3 tests made 24h, or more after roiling. 
+ At 2 + 213 + 36 Increase or decrease. 
General averages of 2) heats 
Gen. av. of tests made within 24 h. of rolling 
49,992 Gen. av. of tests made 24 h. or more after rolling. 
— 304 + 109 Increase or decrease. 


TABLE IL. 


RESULTS FROM GUIDE ROUNDS 


Reduction Elonga Elastic limit Ultimate 
iop in 
Per 


of area. Per in Ibs. per 
cent ceat. sq. In 


strength in 
lbs. per sq 
inch. 


Group 1. Averages of 3 heats of 55,000 to 60,000 lbs. ulfimate strength 


58.13 28 .27 39,116 58,193 Av. of 6 tests made within 24 h. of rolling. 
57.17 28.92 38,397 58,030 Av. of 10 tests made 24 h. or more after rolling. 


+ .%6 + .65 + 719 + 437 Increase or decrease 
Group 2. Averages of 6 heats of 60,000 to 65,000 Ibe, ultimate 


49.94 26,28 41.985 63,674 Av. of 10 testa made within 24 h. of rolling 
51.07 26.93 41,532 64,270 Av. of 22 tests made 24 h. or more after rolling. 
+ 1,13 + .73 — 453 + 596 Increase or decrease. 


Group 3. Averages of 18 heats of 65,000 to 70,000 lbs. ultimate strength. 


50.65 25.70 44.267 67,660 Av. of 22 tests made within 24 h. of rolling. 
52.10 26.03 44,097 68,042 Av. of 36 tests made 24 h. or more after rolling. 


+145 + .33 — 170 + 382 Increase or decrease, 
Group 4. Averages of 15 heats of 70,000 to 75,000 Ibs. ultimate strength 


47.80 24.41 46,498 . Av. of 24 tests made within 24h. of rolling 
48.94 24.85 46,332 , Av. of 36 tests made 24 h.or more after rolling. 
+ 1.14 + .44 — 166 Increase or decrease. 


Group 5. Averages of 18 heats of 75,000 to 80,000 lbs. ultimate strength 
42.22 23.01 045 T7767 Av. of 35 tests made within 24 h. of rolling. 
44 55 22.20 49,731 77,968 Av. of 47 tests made 24 h. or more after rolling. 
+ 2.33 — .81 — 314 201 Increase or decrease. 
Group 6. Averages of 14 heats of 89,000 to 85,000 Ibs. ultimate stre ngth. 


40.64 20.79 51,322 81,385 Av. of 16 tests made within 24 h. of rolling. 
41.88 21.21 51,157 82,152 Av. of 30 tests made 24h. ormore after rolling. 
+ 1,24 + .& — 165 + 767 Increase or decrease, 


Group 7. Averages of 8 heats of 85,000 to 90,000 lbs. ultimate strength 


36.87 19.41 54.145 86.787 Av. of § tests made within 24 h. of rolling. 
87.49 19.87 54, 237 87,312 Av. of 16 tests made 24 h. or more after rolling. 
+ + 46 + 92 + 525 Increase or decrease. 


General averages of 82 heats. 


46,768 72,442 Gen. av. of tests made within %4 h. of rolling 
46 498 72,949 Gen. av. of tests made 24 h. or more after rolling. 


— 27 + DOT Increase or decrease. 
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From a study of the averages contained in these tables it will 
be seen that, with some few exceptions,* the tests made twenty- 
four hours after rolling, when compared with those made within 
twenty-four hours of rolling, show an increase in the percentage 


of reduction of area, an increase in the percentage of elongation, 


a decrease in the elastic limit, and an increase in the ultimate 
strength. The percentage of change is as follows: 
Increase in reduc- Increase in Decrease in Increase in ulti- 
tion of area. elongation. elastic limit. mate strength. 
Hand Rounds 6.2% 2.4% 0.8¢ 0.154 
Guide Rounds 2.1% 1.4¢ 0.64 0.074 


These changes occur so uniformly thronghout the different 
groups in which the results are arranged that it seems very proba- 
ble that this “seasoning” of steel, as it may be called for want of 
a better term to describe it, always takes place after rolling, al- 
though its effects may be so modified in particular cases as not to be 
noticed. To find an entirely satisfactory explanation of these 
changes is a difficult matter. 

A first glance at the results recorded above would seem to indi- 
cate that they are to be explained by and perhaps help to prove 
the theory of a gradual change after rolling in the form of the 
carbon contained in the metal. This theory maintains that what- 
ever graphitic carbon is included in steel at the time it is finished 
in the rolls is continually and slowly passing from the graphitic 
state, in which it is disseminated in fine particles through the metal, 
into the combined state, in which it either forms a definite chemical 
compound with the iron or else is united with it in the same way 
that metals unite to form an alloy. If this change of graphitie to 
combined carbon does take place we should expect it to increase 
the ductility of the metal, that is to increase its percentage of re- 
duction of area and its percentage of elongation. Exactly these 
changes are seen to take place, in the tests recorded in the tables. 
But the same change from graphitic to combined carbon does not 
satisfactorily explain the lowering of the elastic limit, although 
it may explain the increase of the ultimate strength, both of 
which are also characteristic of the “seasoning” of steel. Nor 
does the change of carbon theory explain why the hand rounds 


* These exceptions are: The percentage of reduction of area in Table IL, 
Group 1; the percentages of elongation in Table L, Group 2, and Table IL, 


Group 5 ; the elastic limits in Table 1., Groups 3 and 5, and Table II., Group 7 ; 
and the ultimate strength in Table 1, Group 2. 
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show the effects of “seasoning” to a so much greater extent than 
the guide rounds do. In fact, it cannot be made to give a satisfae- 
tory solution of the changes noticed above in the physical charac- 
teristics of steel. An entirely satisfactory explanation of these 
changes I have not been able to tind, but it seems to me that it is 
to be looked for in a modification of the relations of the molecules 
of the metal brought about by the mechanical treatment to which 
it is subjected in rolling, rather than in a chemical change such as 
the graphitic and combined carbon theory calls for. 

It is certain beyond any question that during the process of roll- 
ing the molecules of the bar are forced very violently over one an- 
other, although this is done while the interior of the bar is at a 
temperature high enough to admit of the molecules moving over 
one another with tolerable freedom and without weakening to any 
great extent the power which holds them together. The treatment 
to which the molecules of the surface or “skin” of the bar are 
subjected is different in several important particulars from that which 
the molecules in the interior portion of the bar receive. The former 
are at a much lower temperature than the latter, being cooled by 
the surrounding air, and while the work of reduction is put on 
them, are in contact with the cold mass of the roll. There is, 
consequently, a much greater resistance to movement over one an- 
other among them than among the molecules of the interior. At 
the same time they are subjected to the powerful wiping action of 
the surface of the rolls. When it is considered that each point 
of the surface of the roll in contact with a round bar is travel- 
ing at a different rate of speed from its neighbors, owing to the 
change in the diameter of the roll at each point of contact, it will 
readily be seen what a complication of movements the molecules 
are trying toexecute at the same time that they are being compressed 
by the squeeze of the roll upon them. The result of this wiping 
action of the roll upon the comparatively cool molecules of the 
surface of the bar must be a very violent and forcible movement 
among them, and a consequent partial destruction of the power 
which holds them together. Other things being equal, the cooler 
the surface,is and the more times the wiping operation is repeated, 
the more loss of cohesion among the molecules we should expect to 
find. Consequently the hand rounds, which are subjected to the 
wiping action of the rolls oftener and at a lower temperature than 
the guide rounds, should show the effects of “seasoning” in an ex- 


aggerated degree. Furthermore, our theory must now assume that 
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the attraction between the molecules, which has been rudely dis- 
turbed and weakened by the action of rolling, gradually grows 
stronger as time elapses. In other words, the molecules must be 
supposed to regain their lost grip upon each other after they are al- 
lowed to rest. 

Now, an increase in the attraction which holds the molecules of 
a bar of steel together means an increase in the ductility, elasticity 
and strength of the bar. Going back to the tables of tests, we 
find that the tests made twenty-four hours and more after rolling, 
when compared with the tests made within twenty-four hours of 
rolling, show an increase in the percentage of reduction of area 
and percentage of elongation ; that is, an increase in ductility; a 
lowering of the elastic limit, that is, an increase in elasticity ; and 
an increase in the ultimate strength, that is, an increase in strength. 
Furthermore, comparing the results obtained from the hand rounds 
with those obtained from the guide rounds, we find that the hand 
rounds which have been subjected to the wiping action of the rolls 
a greater number of times, and at a lower temperature than the 
guide rounds, have gained more in ductility and elasticity, but not 
in strength, by their rest of twenty-four hours. The percentage of 
gain in the two is as follows: 


Increase in reduc- Increase in Decrease {fn Increase in ulti- 
tion of area. elongation. elastic limit, mate strength 


Hand Rounds 6.2% 2.4% 0.8% 0.154 
Guide Rounds 2.1% 0.64% 


Excepting the case of the ultimate strength, this is what we 
should expect, since the rougher the treatment is to which the 
molecules are subjected the more their power of holding together 
is lessened, and the greater their gain would be on being allowed 
to rest and renew their lost hold on each other. The exception to 
the general rule, shown by the very slight gain in ultimate strength, 
by the hand rounds, Iam unable to explain. Whether the aver- 
age of a greater number of tests would show a greater gain in 
ultimate strength, or would further confirm the exception, can 
only be told by making further experiments. It is certainly true 
that the exception, as it stands, weakens the testimony of the other 
results toward establishing the theory. 

To sum up: The tests made upon the three-quarter inch round 
bars seem to prove quite conclusively that after rolling steel in- 
creases in percentage of reduction of area, in percentage of elon- 
gation and in ultimate strength, and decreases in elastic limit. I 
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have endeavored to account for these changes by supposing that the 
rough mechanical treatment of the metal by the rolls has tempo- 
rarily weakened the hold of its molecules upon each other, and that 
this hold is regained when the metal is allowed to rest. 


DISCUSSION. 


Mr. Jacoh Reese.—Myr. Felton has ealled our attention to a 
very important matter. Steel is now wrought in so many struct- 
ural forms, and used in so many places where the lives of persons 
are in danger, that it becomes our duty as engineers to search for 
the cause of every phenomenon exhibited in its manufacture or its 
use. And in this matter now under consideration, 1 think Mr. 
Felton has pointed in the right direction when he says the phe- 
nomena in question were in some manner due to the movement 
of the molecules composing the metal. 

Steel is a compound of iron and carbon, with more or less man- 
ganese, silicon, phosphorus and other objectionable matter; the 
iron and other elementary bodies per se are inert; their energy 
is derived from the imponderable physical forces by which they 
are endowed ; by virtue of these forces the atoms form molecules, 
und the molecules assume a physical structure, in which neither 
the atoms in the molecule nor the molecules in the physical 
structure touch each other at any time, nor are they at any time 
in a state of absolute rest. When we rupture a bar of steel by 
tensile strain, we do not rupture the iron per se, but rather rup- 
ture the molecular resultant force which holds the molecules to- 
gether in the section under strain. 

The physical force that draws the molecules together is inher- 
ent in the molecules, hence its effective power diminishes with the 
distance of its object. 

When the molecules are most close to each other they are 
most quiet, and when farthest apart they are the most active. 

Temperature is the measure of molecular activity as weight is 
the measure of matter; hence an increase of temperature in- 
dicates an increased molecular activity, an increased distance 
between the molecules, and a corresponding reduction of the 
molecular resultant force. 


Assuming that molecules possess a long axis at their equators 
and a shorter axis at their electric poles, in the act of rolling, the 
movements of the molecules will be in line of their equatorial 
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axes ; and as the bite of the rolls on a bar of steel is different at 
every point, there will be produced a differential movement of the 
molecules, and when the bar is finished the molecules will be left 
in an abnormal attitude to each other. 

Now there are two distinct causes operating on the bar: Ist. As 
the temperature lowers, the activity of the moleeules diminishes ; 
they assume a closer attitude to each other, and the molecular 


resultant force increases, which would exhibit an increased tensile 
and compressive ability and a reduction of ductility. 2d. The 
molecules are in an abnormal attitude, and must be brought to 
their normal relation to each other before the bar will assume its 
most healthy tone ; this can only be done by annealing, that is, by 


holding the bar for a given time at the same or a slightly higher 
temperature than that at which it was rolled, thus giving the 
molecules time and ability to adjust themselves to their normal 
healthy attitude to each other. 

The phenomena exhibited in the tables of Mr. Felton’s paper 
are due to a cold flow of the molecules while adjusting themselves 
towards their normal relation. Now, assuming that the vormal 
relation of the molecules is when their electric or short axes are 
parallel with the length of the bar; in the act of rolling the mole- 
cules are drawn into a right angle to their normal relation to each 
other, with their long axes parallel with the length of the bar, and 
their short electric axes across the bar. When the rolling ceases 
the molecules commence to adjust themselves towards their nor- 
mal relation to each other, but as their activity is less than when 
they were drawn into the abnormal relation, they are unable to 
resume their normal relation, but this movement fowcrds their 
normal relation goes on even after the temperature has fallen below 
sixty degrees Fahrenheit. 

When this cold flow takes place, the short axes take the place 
of the long axes (differentially), and it consequently increases the 
distance between the molecules (on that line), increases their 
ductility, elongation and reduction of area; decreases thie elastic 
limit, and if the flow had been perfect as in ‘annealing, there 
would also be a corresponding reduction in ultimate strength. 

In hand rolling, the work is done at a lower temperature and 
with a greater number of passes, hence the molecules are left in 
a worse condition than in the guide rounds. In the act of an- 
nealing there is always a greater change in hand rounds than in 
guide rounds. 


id 
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I think that molecular physics will explain many of the wonder- 
ful, mysterious phenomena which bother the engineers of the 
present day. 

Mr. Wm, Hewitt—Mr. Felton, in explanation of the greater 
gain in elasticity and ductility of the hand rounds, remarks, “ that 
it is natural to expect that the rougher the treatment is to which 
the molecules are subjected, the more their power of holding to- 
gether is lessened, and the greater their gain would be on being 
allowed to rest and renew their lost hold on each other.” It is 
not clear to me that the material which undergoes the least redue- 
tion in the finishing pass, even though subjected to this pass a 
number of times at a low temperature, receives a rougher treat- 
ment than that which undergoes a much heavier reduction in one 
pass at a higher temperature. I should suppose it would make a 
considerable difference at what temperature the metal left the 
rolls, but without more definite information on this point I do not 
see how any very satisfactory conclusions can be drawn. IL know 
in rolling rods we always endeavor to finish them as hot as possi- 
ble. Very much, no doubt, also depends on the molecular struct- 
ure of the bars when they left the rolls, and the temperature at 
which they are finished might have considerable influence on 
this. Some very interesting facts on this point will be found in 
the discussion of the paper on “ The Injurious Effect of a Blue 
Heat on Steel and Iron,” by Mr. Strohmeyer, which I called atten- 
tion to in the discussion of the paper by Mr. Coffin. This discussion, 
which was rather a remarkable one in many respects, elicited con- 
siderable information in regard to the effect of working steel at 
various temperatures, and some apparently conflicting statements. 
The general conclusion which I drew from it, however, was that 
if steel was worked at a low temperature, say a dull red or a blue 
heat, while the carbon or any portion of it was in that state de- 
scribed in the paper on “Steel Car Axles” as hardening ear- 
bon—the state which it assumes when heated to a high tempera- 
ture and when it possesses the property of imparting a temper to 
the metal if suddenly cooled—the effect is injurious and the bar or 
metal is permanently weakened. On the other hand, if the carbon 
exists in the non-hardening state and the structure of the metal is 
free from erystallization, the effect of working at a blue heat is 

imilar to that of cold rolling ; the strength and elasticity of the 
material are considerably elevated at a slight sacrifice of ductil- 
ity. I call attention to this paper with the idea that it may sug- 
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gest an explanation of the difference in the effect of hand rolling 
and rolling in guides. In reading the remarks of Mr. Anderson 
on the paper to which I have referred, it appears that it does not 
always follow that the rougher the treatment that the metal re- 
ceives the less will be the cohesive force between the molecules. 
Such treatment may often assist in breaking up crystallization, as 
instanced by the experiments of Mr. Chernoff alluded to by Mr. 
Anderson. A specimen of boiler plate which was heated to a 
bright red heat and allowed to cool very slowly exhibited a erys- 
talline structure, and instead of being benefited by this careful 


annealing proved to have received a positive injury, whereas a 


similar specimen heated to the same temperature and then ham- 
mered lightly and rapidly till the temperature had fallen to a blue 
heat was sound abd good. 

As to the gradual recuperative properties of bars after rolling, 
the experiments are very interesting and instructive; the phe- 
nomenon is probably one due to the gradual subsiding of the 
molecules, which were no doubt in a high state of agitation im- 
mediately after the bars left the rolls. The flow of metals is a 
subject which appears to have received but slight attention at the 
hands of engineers, and the query arises, does this flow ever en- 
tirely cease ¢ 

I have noticed that bars which have been thrown aside as defee- 
tive, and have lain in the yard a long ttme, so long indeed that 
they have become very rusty, improve in quality with age, and 
the older and rustier they get the better they seem to be. Some 
may be inclined to accept this statement with a good deal of 
allowance as a fact existing to a large extent in the imagination, 
but I am very glad to note that the statement is corroborated by 
the observations of such high authority as Prof. Thurston. (JJa- 
teriuls of Engineering, Vol. 2, page 576.) 

I would like to ask Mr. Felton what advantage there is in finish- 
ing from a groove of elliptical section? In rolling rods we always 
finish from what we term an oval; that is, the shape formed by 
the intersection of two circles of equal diameters. 

Mr. Felton —A few words in answer to Mr. Hewitt. He remarks 
that the explanation given of the greater gain of the hand rounds 
in elasticity and ductility seems insufficient, since it is not clear 
that the molecules of the hand rounds have received rougher 
treatment in rolling than those of the guide rounds. In describ- 
ing the difference between the methods of rolling the hand and 
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guide rounds, I should have explained more fully my reasons for 
supposing that the molecules of the hand rounds were more 
rouglily treated than those of the guide rounds. It is true,as Mr. 
Hewitt says, that the guide round receives a much heavier reduc- 
tion ir the finishing pass than the hand round receives in the sev- 
eral passes which are required to finish it. But it does not follow 
that the molecules of the guide round are therefore treated as 
rouglily as those of the hand round. The guide round receives 
such «a heavy reduction at so high a temperature in the finishing 
piss that there is a uniform and easy flow throughout its entire 
mass. ‘Ihe molecules at its center are moved and drawn over each 
other in very much: the same manner as those nearer its surface, 
and the bar may be spoken of as nearly homogeneous, looked at 
from the standpoint of tle relations of its molecules to each other. 
The hand round, on the contrary, receives many slight reductions 
at a low heat,* and consequently the flow of its molecules is prin- 
cipally in the neighborhood of its surface.. The molecules at its 
center tend to remain stationary, and those at and near its surface 
tend to move in the direction of the length of the bar. The mole- 
cules in one part of the bar are consequently under a different 
strain from those in another part of the bar, and the bar may be 
spoken of as unhomogeneous as far as the relations of its mole- 
cules to each other are concerned. It is thus clear, I think, that 
the force -which holds the molecules together has been more 
severely strained in the hand rounds than in the guide rounds, and 
we may speak of the molecules of tle former as having been more 
roughly treated than those of the latter. 

Mr. Hewitt further says that the difference in the results ob- 
tained from the hand and the guide rounds may perhaps be ex- 
plained by the facts brought out in the discussion of Mr. Stroh- 
meyers paper on the “ Effects of Working Steel at Blue Heat.” 
The effect of the different temperatures of finishing in the two kinds 
of rounds is undoubtedly very great, as is explained above. But as 
the steel in the ease of both kinds of rounds was heated to a work- 
ing temperature—the amerphous structure of Chernoff—and then 
rolled, the finishing heat in no case approaching anything like a 
blue heat, it is plain that no difference in the state of the carbon 
in the two kinds of rounds is possible, and that consequently we 


* That the hand rounds were finished at a lower heat than the guide rounds is 
conclusively proved by the higher elastic limit shown by them for a given ulti- 
mate strength, 
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cannot explain the differences in the results of the tests in the 
manner suggested by Mr. Hewitt. 

In answer to the question as to why the guide rounds were 
formed from a bar of elliptical section rather than from an oval, [ 
would say that experience has taught us that a bar of this shape 
tills out the round more perfectly than an oval. I think Mr. 
Hewitt’s experience has been with much smaller rounds than were 
used in my experiments. It is the usual practice, I know, in roll- 
ing wire rods to form the round from an oval such as is spoken of 
by Mr. Hewitt. In making larger rounds the uniform practice is, 
I think, to roll from a bar of ellipt'eal shape. 
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CCLXIV. 
EXPERIMENTS AND EXPERIENCES WITH BLOWERS. 
BY HENRY ff. SNELL, PHILADELPHIA, PA. 


(Member of the Society.) 


tunnine a fan blower to the best advantage is a problem not 
generally solved, and one that is often cast aside as being too 
small a matter to require the attention of the mechanical engineer 
of the establishment, who thinks his genius and acquirements can 
be better employed in determining the relative merits of “cut offs”’ 
or “combustion of fuel.” There is a greater distinction in being 
able to talk learnedly, and calculate on economy which will produce 
& horse-power with a consumption of less than two pounds of coal 
per hour, than there is in being able to select and put in operation 
a blower with at least one-half the power which one-half the blowers 
are using in this country to-day. 

In this paper it is merely proposed to open the way for the dis- 
cussion of this neglected subject, and to do something toward 
removing the prejudice and ignorance concerning it, by giving the 
Society some of the experiences which have been met, and in making 
some deductions from them and suggestions regarding them. The 
object of this paper is not to give rules and ideas in relation to the 
best construction or proportion of blowers; but data of power re- 
quired, pressure obtained, and quantities of air delivered which 
have been attained, and should be expected from commercial blow- 
ers already in the market in general use. 

Fan-blower calculations can be made which will be realized in 
practice with as much certainty as any other engineering calculation, 
but in making them all the elements of the problem must be con- 
sidered and no guesswork allowed. With a good groundwork to 
start from, comparison and association of ideas and experiences are 
much to be preferred to the unintelligent use of elaborate formula, 
especially when the formule contain, as they often do, constants 
dependent in their values upon variable thermometrical, barometri- 
eal, hygrometrical, or any other metrical condition. In earlier days 
it was thought necessary to carry all calculations out to the seventh 
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or seventeenth decimal to be sure of getting just the correct answer. 
In some of my old note-books the value of 7 was carried out to 126 
decimals; now I am generally content to call it 34. These are the 
faults, if they are faults, of youth and a too liberal education, and 
are generally corrected as old age and experience creep over us. 
When letters similar to this are to be answered: “ How much power 
will it take to run a fan to deliver 11,386 cubic feet of air per min- 
ute under a pressure of 1.156 0z. per sq. inch?” inclinations prompt 
me to reply “ Not much,” but courtesy and a desire to make a sale 
let them down easy. 

I propose first to give some tables relating to the velocity of air 
under pressure, then some experiments upon blowers under vari- 
ous conditions, and finally to discuss the results obtained. 

For the purposes of discussion farther on the following tables 
have been calculated, giving velocities of air discharging through an 
aperture of any size under the given pressures into the atmosphere. 
The volume discharged can be obtained by multiplying the area of 
discharge opening by the velocity, and this product by the coetlicient 
of contraction: .65 for a thin plate and .93 when the orifice is a 
conical tube, with a convergence of about 3.5 degrees as determined 
by the experiments of Weisbach. 

Table No. 1 gives velocity in feet per minute, for very light pres- 
sures, varying from .01 to .10 oz. per sq. inch. 

Table No. 2 gives velocity for pressures varying by 16ths, from 
one 16th up to one inch, and by Sths up to 2 inches water pressure. 

Table No. 3 gives velocities for higher pressures, varying by } 
oz. up to 1 1b. per sq. inch, which may be considered the practical 
limit to be attained with a fan blower. 

As these tables will be absolutely true for only one condition of 
things, it may be stated that they are calculated at a barometrieal 
pressure of 14.69 Ibs. equals 235 oz., and for a temperature of 50 
degrees Fahr. from the formula V=+7/2gh. 

Allowances have been made for the effect of the compression of 
the air, but none for the heating effect due to the compression. 

At a temperature of 50 degrees, a cubic foot of air weighs .078 
lbs., and calling g=32.1602, the above formula may be reduced to 


V,=60/31,5812 x (235—P) xP, 


where V, velocity in feet per minute. 


P=pressure above atmosphere, or the pressure shown by gauge, 
in oz. per sq. inch. 
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TABLE NO. 1, 


Pressure in ounces Velocity in feet per 
per sq. inch. minute 


01 516.90 
02 722.64 
03 895.26 
| 1033.86 


1155.00 
06 1266.24 
1367.76 
08 1462.20 
9 1550.70 


TABLE NO. 2. 


Pressure per sq. Corresponding Velocity due the 
inch in inches of pressure in ozs, pressure in feet 
water. per square inch. per minute. 

aly .O1817 696.78 

036384 987.66 

07268 | 1393.75 

10902 | 1707.00 

14536 | 1971.30 

18170 | 2204.16 

21804 2414.70 

is 25438 2608.41 

4 29072 | 2788.74 

382706 2958.12 

36340 3118.38 

39974 | 3270.84 

43608 | 3416.64 

+4 AT240 3556.56 

4 DOSTO 3690. 62 

54500 | 3820.33 

.58140 | 3946.17 

6541 4186.25 

4562.62 

4671.10 

8721 4836.06 


9448 5084.32 
10174 5224.98 
1,0901 5409.26 
1.1628 5587.58 
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TABLE NO. 3. 


Pressure in oz. Velocity in feet Pressure in oz. Velocity in feet 
per sq. inch. | per minute, per sq. inch, per minute. 


15100 
50 153854 
15566 
00 15795 
16021 
16224 
15 16465 
16684 
28 16900 
50 17113 
17324 
00 17534 
.20 17841 
17946 
18149 
00 18350 
25 18550 
18747 
18943 
.00 


1990] 
22D 20088 
.00 20273 
te 20458 
20641 
20822 
21002 
21182 


>. 00 21360 


« 


nee 


~ 


~ 


11065 
1137: 

11676 
11970 


2.0 


3. 
3. 
3.! 
4. 
4.' 
5. 
5. 
5. 
5. 
6. 
6. 


1° 


14620 
14861 


oF 


The experiments were made as follows: * The power was meas- 
ured by means of a recording, rotating dynamometer placed be- 
tween the driving shaft and the blower. The variations of speed 
were made by changing the pulleys upon the counter-shaft. The 
revolutions were noted by means of a speed counter, on the counter- 


* As these experiments were made at the expense of B. F. Sturtevant, of Bos. 
ton, to whom the world is indebted more than to any other man for the improve- 
ment and development of the blower, it is but just that the credit of them 
should be given to him, and it will be an assurance also of the care with 
which they were made and the accuracy of the resuits.—H. I. 8. 
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shaft, the ends of the blower-shaft being covered so that no other 
means could be used; by multiplying the speed of counter shaft 
by the ratio of pulleys on it and on the blower, the speed of the 
blower was obtained. A slight error in the speed of the fan was 
possible through slipping of belt, although comparing the speed of 
belt, which could readily be obtained, with calculated speed of cir- 
cumference of pulleys on both counter-shafts and fan, none of : 
importance was detected until the high power used was greater 
than belts are usually expected to convey. 

The pressure of the air was determined by the usual water 
column, and the time of the experiment by a stop watch. Each 
experiment was of five minutes duration, thus obtaining the revo- 
lutions per minute with greater accuracy. Each blower-wheel was 
carefully measured; and the discharge openings had been care- 
fully made and measured previous to any of the experiments, and 
were so arranged as to be readily adjusted in place. 


TABLE No. 4. 


of air dis- 


number 
cu. ft. of Air deliv- 


ute, 
ounces, 
ered per. H.P 


evolutions per min- 
charged per min 


R 
sure 


No. of Experiment. 

Area of Discharge in 

Efficiency of Blowers 
as per Experiment 


| Observed Pressure in 


| Volume 
Actual 


1 1519 a | O 8.50 0 1048 
2 1479 b |) 6 8.50 | 406 1.15 353 1048 337 
3 1480 a 10 3.50 O76 1.30 720 1048 496 
4 a 20 8.50 1353 1.95 604 1048 .66 
5 1485 a 28 8.50 1894 2 55 742 1048 709 
6 1485a | 36 3.40 2400 3.10 774 1078 718 
7 1465 a 40 8.25 2605 3.30 790 1126 -70 
s 1451 a 44 2.88 2686 3.50 767 1277 €01 
i) 1468 a 44 3.00 2752 | 8.55 | 775 1222 685 
10 1415} 44 2.75 2636 3.30 TOY 1333 60 
11 1415 48 2.75 287% 8.45 833 1833 .618 
12 1500 b 48 8.00 8002 8.80 T90 1222 646 
13 1471 d 48 2.88 2988 3.70 | 794 1277 .626 
14 1426 a | 89.5) 2.88 4.80 827 4544 


(Notge.—The experiments marked @ were repeated 3 separate times and those marked 3 only 
once. ] 


Discussing first a sect of experiments made with a blower for the 
purpose of determining the changes in pressure aud power, resulting 
from increasing the size of the opening for the delivery of the air; 
the inlets into the fan remaining the same, throughout the series, 
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and the revolutions the same as nearly as possible. The fan wheel 
was 23 inches in diameter, 6§ inches wide at its periphery, and 
had an inlet of 12} inches in diameter on either side, which was 
partially obstructed by the pulleys, which were 5, inches in diam- 
eter. It had 8 blades, each of an area of 45.49 sq. inches. The 
experiments were carefully made, and in many cases repeated a 
number of tines; the object being to get at the facts, and not to 
prove any favorite theory. 

The discharge of air was through a conical tin tube with sides 
tapered at an angle of 3} degrees. The actual area of opening 
was 7% greater than given in the tables to compensate for the vena 
contracta, 

In the last experiment, 89.5 sq. in. represents the actual area of 
the mouth of the blower less a deduction for a narrow strip of wood 
placed across it for the purpose of holding the pressure gauge. In 
ealeulating the volume of air discharged in the last experiment 
I have called the value of the vena contracta .80, an amount cer- 
tainly large enough. 

The slight apparent variations in the calculated percentages of 
efficiency may be attributed in part to the difficulty of reading 
with certainty the height of the water column nearer than } in., on 
account of its capillarity, and to difficulties of measuring the horse- 
power closer than .05. 

I will now give a table of some experiments undertaken for the 
purpose of showing the resalts obtained by running the same fan 
at different speeds with the discharge opening the same through- 
out the series. 

The discharge pipe was a conical tube 8} inches inside diameter 
at the end, having an area of 56.74, which is 7% larger than 53 sq. 
inches, therefore, 53 sq. inches, equal to .3868 sq. feet, is called the 
area of discharge, as that is the practical area by which the volume 
of air is computed. 

One interesting feature will be observed in a study of this table, 
viz.: As the r€volutions of the wheel are increased the velocities 
due the pressure of air increase in greater ratio than the velocities 
of the periphery of the wheel; in other words, the air will escape 
from the discharge opening faster than the outer edge of the wheel 
travels. Remembering the controversy in Chief Engineer Isher- 
wood’s time over “ negative slip” with propeller wheels, I do not 
care to open a similar one about blowers. I merely state the con- 
dition of things as I saw them. The increments referred to amount 
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to about 1 per cent. for each ounce pressure increase. For in- 
stance, the circumference of the wheel was 6.0214 feet. At 600 
revolutions the velocity of the periphery will be 3613 feet per 
minute, the pressure $ oz., and the velocity of air due that pres- 
sure 3,658. At 1,800 revolutions the velocity of wheel 10,839 feet, 
pressure 4.8 oz., and the velocity of air due that pressure 11,435 
feet, or abont 5 per cent. greater. 


TABLE No. 5. 


Revolutions per Pressure in oz | Vol. of Air in cu. ft. per 


i »orse-Power. 
minute min. He Power 


600 1336 


800 


1787 
1000 
1200 


1400 


1600 
1800 


8670 


4172 


2000 4674 


The best useful effect appears to be attained when the discharge 
opening of the blower about equals the capacity of the wheel ; the 
inlet full open and unobstructed. The same relation reversed, I 
have found holds true with exhaust fans, i.e.; the greatest effi- 
ciency when the discharge is free and open and the area of inlet 
openings equal the capacity of the fan wheel; in this connection 
bear in mind, long pipes or those with bends, enlargements or con- 
tractions in them, by the friction of air through them, have the 
rame effect as partially closing the inlet or outlet of the fan, and 
where air or material must be conveyed long distances, allowances 
should be made for this in their diameters. 

By calculating the speed of the periphery of the fan wheel in 
the above experiments and comparing the results with the table of 
velocity due pressure on page 53, it will be seen that the specd of the 
periphery of the fan wheel approached near to the velocity due 
the pressure of air when the area of discharge opening is equal to 
the area of the blade; but I have compared these experiments with 
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others of a similar nature, undertaken for the purpose of determin- 
ing this point, as for instance, using wheels of a greater width, but 
of same diameter in the saine blower casing as used above; and 
have observed that a nearer approach to the equalization of the 
velocities of the outer circumference of the wheel, and those due 
the pressure of the air, can be obtained when the opening of dis- 
charge equals the diameter of the wheel multiplied by one-third the 
width of same at its circumference, and this may be called the 
“ capacity’ of the fan, and should be considered the starting point 
from which all calculations begin. 

These conclusions depend greatly, of course, upon the propor- 
tions of the fan, and are based upon those used in the * Sturtevant,” 
when run asa blower, as that is the one upon which all these ex- 
periments were made. 

I have never found any practical difference in the efficiency be- 
tween blowers with curved blades and those with straight radial 
ones. I think acareful examination, into the action of a particle of 
air through a wheel, will disclose the fact that while a curved float 
passing through a heavy inelastic body, as through water, may show 
a marked advantage over a straight one, it will not appear in a fan 
blower, where a large quantity of air in proportion to that passing 
through the wheel is rotating at as great, or even greater velocity, 
than the wheel, and packing itself upon the concave surface of the 
blade ; and there are other causes, among them the increasing dens- 
ity of the air as it passes along the blades, and becomes a maxi- 
mum, after leaving the wheel. 

Even if close mathematical calculations can formulate a theory on 
the basis that particles of air have some weight and that the efficiency 
of the blower must depend upon the form of its blades, in practice 
it will require very careful and accurate experiments to find any 
difference in the power required to run it, or in the quantity of air 
delivered. I have found, in my experience, cases where parties, 
using blowers with wheels having curved floats were running them 
backward, some insisting that was the proper way, that they ob- 
tained better results that way than the other, having tried the other, 
and thinking it wrong, had changed it. There may be one advan- 
tage in the construction of a blower, using curved floats when it is 
intended for the purposes of great speed and high pressure, and 
that is stiffness, but I do not think there is any practical advantage 
in efficiency. 

It is neither proper, nor the object of this paper, to extol one 
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blower or decry another; but it is so evident that the power 
required to run one issuch a bugbear to most mechanical shops, and 
as advantage is taken of this fact by some manufacturers to advertise 
theirs as taking only one-half the power of others, it may be well 
to examine into the question of how this power is used and how it 
is wasted. 

From experiments already given it will be seen that we may 
expect to receive back 65 to 75 per cent. of the power expended 
and nomore, In the general running of any machinery we should 
not expect more, and when we read or hear of experiments giving 
an efficiency of more than 100 per cent. or closely approaching it 
(see table in Vol. VII. of Transactions, page 547, and some manufae- 
turers’ catalogues), we should take them, if we take them at all, 
with several unusually large grains of salt. 

The great amount of power often used to run a fan is not due 
0 the fan itself, but to the method of selecting, erecting, and pip- 
ing it. 

I will give some cases where the application was wrong: 

In Fitchburg, Mass., a fan was examined applied to a cupola 
furnace which was driven by an engine 254 feet away by means of 
a wire rope; the fan was placed in a pit in the foundry, and dis- 
charged its air through an underground pipe about 100 feet long ; 
this pipe had gradually filled with dirt until it probably had less 
than one-half its original area, and the strength of blast had be- 
come strong enough to prevent any further deposits. The power to 
run the fan was measured by an indicator on the engine, and showed 
about twice that given in the manufacturers’ catalogue: the differ- 
ence of course, must be attributed to loss by friction of transmis- 
sion and by friction of air in pipes requiring a higher speed of fan 
to maintain the proper pressure at the end of the pipe, or at the 
cupola. 

At an iron mill in Troy, New York, were three fans discharg- 
ing into one system of blast that took I don’t know how many 
times more power than they should, and as it may prove interest- 
ing and useful, I present a sketch of the arrangement. (Tig. 1.) 

It will be seen that three fans were discharging into a cylin- 
drical pipe 4 feet in diameter, about 15 feet long, attached to one 
end of which was a pipe 3 feet in diameter and some 30 feet in 
length with one easy bend; this led into an irregularly shaped re- 
ceiver from which three pipes of different diameters radiated in the 
direction of the different furnaces, and from these pipes branch pipes 


4 


4 
q 
| 


60 EXPER'MENTS AND EXPERIENCES WITH BLOWERS. 


8, 10, and 12 inches in diameter led to and were connected with 
the furnaces. Some of these branch pipes were probably over 00 
feet long. 

The blowers supplied blast for 14 single puddling furnaces using 
6,800 lbs. of coal each 24 hours; 

1 double puddling furnace using 13,600 lbs, ; 

1 scrap furnace using 6,800 Ibs. ; 

5 heating furnaces using 10,000 lbs., and 5 forges. 

‘he pressure in the 4-foot main pipe was 4} oz. about 3 feet 


FANS AND PIPING 
AT 
MILL IN TROY N.Y. 


from where the 3-foot pipe was connected, and 10 feet from that, 
or, after entering the 3-foot pipe about 7 feet, the pressure had be- 
come reduced to 34 0z., showing a loss of 180z. Following along 
the system the pressure in the 8-inch pipes near the various fur- 
naces varied from 2 0z. to1;4 0z. The power developed by the en- 
gine which drove the fans was obtained from indicator cards taken 
May 2, 1873, but these having been mislaid I am unable to give 
the amount actually used, but J can make a comparative examina- 
tion of the power used, and what should have been used if the 
power had been properly applied by the selection of proper fans 
and proper pipes, which will illustrate the case, and how such cal- 
culation, near enough for practical purposes, may be made. 

These furnaces burning say 168,000 Ibs. of coal each 24 hours, or 
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7,000 per hour will require 26,250 cubic feet of air per minute at 
the rate of 225 cubic feet per lb. coal, a fair and average allowance 
when blowers are used. 

This becomes under a pressure of 2 0z., which I will take as the 
mean pressure of discharge, to be on the safe side, a volume of 
26.030 cubic feet, and under a pressure of 43 oz. the pressure at 
which the fans were running equal 25,700 cubic feet. 

1,833 cubic feet of air per minute, theoretically, may be discharged 
under a pressure of 2 oz. with 1 Hi. P., and 752 cubic feet per min- 


26,030 


ute at a pressureof 43.0z. Consequently 1833 = 14.20 H. P. in 
oe 


the case of the 2 oz. pressure, and sans - 34.2 H. P. with 42 oz. 

pressure,and adding 50¢ to each result, making the efliciency 6624, 

we have 21.80 H.P. and 51.30 H. zs respectively, and the differ- 

ence, or 30 H. P., represents the loss due a poor arrangement of 

pipes, ete. 

This state of things was found in one of the largest concerns in 
the country more than 14 years ago and may be running in the 
same manner to-day. It may be an interesting problem to caleu- 
late the cost of manufacturing power in that establishment on the 
liberal estimate of $50 per horse-power per year, $1,500, which 
would represent a capital of $25,000 at 6¢ to maintain an improper 
application of power that could probably be remedied at an expend- 
iture of about one-tenth that sum. 

This has not been selected as an example of exceptionally bad 
work, for others have been found equally bad, if not worse, and 
all caused by want of a little investigation of the subject. The 
above comparison has been made on the assumption of the quantity 
of air required for the combustion of coal used, which must be 
nearly correct, but should the volume be greater or less the same 
relative value would be obtained. 

When complaints are made “ of great consumption of power” I 
first see if a blower is working at its proper efficiency, and then 
look for the cause in improper arrangemeuts or application, Small 
changes in circumstances effect great changes in the result. While 
writing this article I was called to point out the reason why a 
pressure blower on a cupola was melting only about one-half the 
quantity of iron which it was recommended to do, and found it was 
one about which an article had been published in the American 
Machinist, some five years ago, detailing some experiments then 
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made, when the results were in excess of the recommendation and 
excelling those obtained in other foundries. Asking what changes 
had been made in the arrangements, I was informed none had been. 
“We are running the same speed, using the same blower and same 
piping, and charging the cupola in the same manner.” Testing the 
pressure I found all that was due to the speed, and the blower using 
no excess of power. It was run about 2,150 revolutions by an 8 by 
16 vertical engine at 70 revolutions which was also running a small 
machine shop at the same time, The blower was working under a 
“pressure of 12 ounces all through the heat. The conundrum is, 
what is the cause of the change? Perhaps there was a change in 


charging that has been overlooked in tive years. I prefer not to 


express my opinion until the proprietors have made a little investi- 
gation themselves. 

I recollect some five years agoa paper was read before the Amer- 
ican Institute of Mining Engineers, at their Washington meeting, 
by H. M. Howe, ‘* On the Comparative Efficiency of Fans and Posi- 
tive Blowers,” in which he was convinced against his will that fans 
gave better results than positive blowers even at high pressure. In 
this paper I shall not enter into my experiments upon that point, 
but will merely say that I am strongly of the opinion that for all 
purposes of blast required in manufacturing establishments up to 
and including cupola furnaces, the fan is more economical in power 
and cost of repairs than any “ positive blower.” I only use the term 
positive blower technically, for up to the pressures required for the 
above work, or say to 1 |b. per square inch the fan blower is more 
positive than piston blowers or those with revolving pistons. I will 
take the liberty of extracting from the above paper two conclusions 
which an examination of this paper will confirm : 

“No. 9. Fora given speed of fan any diminution in the size of the 
blast orifice decreases the consumption of power and at the same 
time raises the pressure of blast, but it increases the consumption 
of power per unit of orifice for a given pressure of blast. 

“ When the orifice has been reduced to the maximum normal 
size for any given fan, further diminishing it causes but slight ele- 
vation of blast pressure, and when the orifice becomes compara- 
tively small further diminishing it causes no sensible elevation of 
the blast pressure, which remains practically constant, even when 
the orifice is entirely closed. 

“No. 10. Many of the failures of fans have been due to the low 
speed or too smal] pulleys, to improper fastening of belts, or to the 
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belts being too nearly vertical, in brief to bad mechanical arrange- 
ment rather than inherent defects in the principles of the 
machine.” 


DISCUSSION. 


Mr. Daniel Ashworth.—Long before I was interested in placing 
commercial blowers practically in the field, I had had some experi- 


ence and had begun to consider that in sowing a wind we were 
likely afterward to reap a whirlwihd in the blower business. In 
one case several years ago a Sturtevant blower was placed with a 


thirty-inch wheel running at a speed of fifteen hundred per min- 
ute, and it was represented by those who put it in as requiring 
six horse power. At that time it was intended to place sume 
electric lights in the establishment, and an engine was secured 
having sufficient power not only to drive this fan but also to per- 
form the duty of driving the dynamo. A fifteen horse-power 
engine was procured for that work, and upon. getting to work with 
the fan alone it was found that the engine labored exceedingly. 
Careful tests were made, the pipe was correct, and everything 
mechanical was thoroughly complete. That fan required fifteen 
and three-tenths horse power. The Rochester Tumbler Company 
have a blower with a forty-four inch wheel of the same make, 
being driven at 1,200 per minute. This was represented by the 
makers to absorb twenty horse power at the farthest. Upon get- 
ting right down to work with this fan it developed forty-eight and 
nine-tenths horse power. This test was doubted by the parties, 
and a short time afterward the Hartford engineering people were 
in that section of the country. They were not informed as re- 
gards the previous tests at all; they were merely engaged to make 
a thorough test as to its power, and to remove all doubts. Their 
test exactly coincided with the first, and since that time a number 
of tests have been made. Usually the first point to be made by 
the manufacturer of the blower before arriving upon the ground, 
is that there must be something radically wrong with the mechan- 
ical arrangements, or that the pipe must be imperfect. Those 
gentlemen were promptly on the ground, and acknowledged that 
the piping was correct, that the mechanical arrangements were 
perfect in detail, and finally acknowledged that there was no loop- 
hole to get out of. That fan to-day is absorbing fifty horse 
power. 

A blower was put upon the market some time ago which was to 
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run with half the power of any other blower. I found that one 
of those fans, 42-inch wheel, at 1,000 revolutions, required 42 15 
horse power. The same fan at 900 revolutions is absorbing 
27,'°, horse power. A Boston blower, 43-inch wheel, with 900 
revolutions, is absorbing horse power. 

In illustrating the enormous power absorbed by the bad 
arrangement of piping mentioned in this paper, it is attributed to 
the closing up of the discharges, and as therefore doubling the 
power necessary to rotate the wheel. The Westinghouse Ma- 
chine Co. received from us a fan for the purpose of experiment- 
ing as regards the power to be developed by a rotary engine, and 
at the same time there was another test on hand to investigate a. 
method of ascertaining the power required by a fan, by the use of 
a mercurial gauge. I was upon the ground to witness that test, 
and we had a sliding door placed over the mouth of the fan so as 
gradually to close the aperture entirely. The result was that as 
we closed that aperture so would the load be removed from the 
engine, and as we closed it entirely the engine would race and the 
mercury would go right down; showing that the mere closing of 
the aperture in this case and in several other cases does not ab- 
sorb more power than before ; in fact it decreases it rapidly. 

In placing our blowers on the market as we do, we would ex- 
pect to reap a hurricane were we to place a blower which was 
rated on the data furnished by most of the catalogues of to-day. 
We stand manfully and squarely up to people, and instead of let- 
ting them down easily we say—No, sir; that blower will take so 
much power. We have refused to take orders for blowers by 
promising people that they will take so much horse power when we 
conscientiously believe they will not do anything of the kind, and 
our competitors have placed them in and have had to reap the 
whirlwind by taking them down or increasing the power of the 
engine. A special class of piping to which I would call attention 
has been applied to glass works. In a majority of cases there have 
been good sized blowers put in, and the piping has been large—18 
and 20 inches diameter. This pipe would be arranged annular- 
wise on a circle about 50 to 70 feet in diameter, interspersed at 
points of about eighteen inches to two feet apart by vertical pipes 
at right angles to this. There has been no sparing of pains to 
make every detail perfect. We have followed that up thoroughly. 
We have abandoned the idea of all angles, in these pipes, so as to 
produce the best result. It was the common practice some years 
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ago to have this main in a series of straight pipes divided into an 
octagon. We condemn that practice, but use the continuous 
curve to give the best efficiency to any blower that may be at- 
tached to the plant. But we understand that the data furnished 
by the trade catalogues as regards power are scarcely worth the 
paper they are printed on for our purpose. That we have learned 
by actual experience. To show how the trade at large is getting 
down to that thing, a New England company meets that point in 
an ingenious way. They do not say it will take so much horse 
power at all; but they say, We guarantee each blower to be per- 
fect in construction, to ruu with as little noise as any built, and 
that no similar machine doing the same amount of work can be run 
with less horse power ! 

Prof. J. &. Denton.—Before the last speaker's remarks, I wag 
tempted to say that possibly two senses of the word blower 
might account for some of the trouble related regarding fans in 
practice. (Laughter.) Mr. Snell states that instead of troubling 
ourselves about the economy of the engine, we should save more 
by making one-half of the blower do the work. ‘The fact is that 
only half the blower is too often proposed to do a given amount 
of work. It seems to me that Mr. Ashworth has had a very un- 
fortunate experience, but I think the theoretical calculations in 
the end ought to extricate him, by close enough attention to what 
is the real cause of the troubles he has described, and which Mr. 
Snell has shown himself able to solve by the instances cited in 
his paper. I would remark that the same law of variation of 
power with speed shown by Mr. Snell’s results was found many 
years ago by a Mr. Buckle of England, whose results are pub- 
lished in Bourne’s large treatise on the steam engine. Except in 
the matter of elbows and abnormal obstructions such as soot or 
crushing of pipe, we are in possession of the means of determin- 
ing the resistance of fan blowers to entire satisfaction. 

I have found that both the formula of Weisbach and the tables 
of Sturtevant give frictional resistances entirely in agreement 
with actual measured amounts for lines of pipe 4,000 feet long 
with elbows of four diameters radius. Naturally the rating of 
blowers in catalogues is based upon their performance when un- 
connected with piping, and the only way to avoid dissatisfaction 
regarding the realization of the catalogue promises is to take into 
account the resistances of the piping as far as possible by caleu- 
lation and then make a very liberal allowance in addition for the 
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abnermal resistance of friction due to the accumulation of soot, 
sharp angles, ete., which abound in connection with the use of 
the fan in many instances. Looking at the matter in this light, it 
strikes me that Mr. Ashworth need hardly complain of fan-blowers 
in general, because cases of practice have arisen where a fan used 
50 per cent. more power than the catalogue may have stated in 
connection with the instrument. The fan-blower is certainly an 
admirable apparatus when properly used. A single fan can, as 
Mr. Snell has stated, work against pressures up to 12 ounces 
with excellent efficiency, and within a few years three times this 
pressure has been successfully worked by using three fans, the 
first delivering air into the second, and the second into the third. 
The first cost of such an arrangement would probably be within 
that of a positive blower such as the Baker, capable of delivering 
the same amount of air, but it would still possess the one point 
of weakness in the fan, which it seems to me must always cause 
the positive blower to be preferred where the pressure to be 
worked against is liable, through accident or design, to increase 
considerably beyond 12 ounces, viz., the fact that for a given speed 
of engine after the pressure against the blower passes above a 
certain amount, surplus power is of no avail in maintaining con- 
stant the supply of air desired from the fan—whereas in the case 
of the positive blower, as long as the driving power can be in- 
creased, the supply of air will be constant, and generally the 
extra power thus spent is of less consequeuce than the annoyance 
and trouble arising from the inability of the fan.to permit itself 
to be forced up to the requirements of the work. Regarding the 
relative cost of repairs of fans and positive blowers, I am of the 
opivion that the repairs of blowers of the Baker and Root types 
having iron revolvers is so little, even under rough usage, that 
while the fan blower may equal, it cannot excel the positive 
blower in this respect. 

Mr. W. £. Mattes—The last speaker has raised a point with 
reference to the comparative cost of maintenance of positive 
blowers and fan blowers. I have had a little experience in that 
line with reference to the application of the Sturtevant fans and 
the Baker positive blowers, so called, to the furnishing of blast 
power to the cupolas of Bessemer steel works. At the Lacka- 
wanna Works, when they were first erected, the cupolas were 
supplied by two, I think, No.9, possibly No. 8 Sturtevants. After 
an experience of perhaps four or five years it was decided to try 
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the Baker blower. A blower building was erected and four of 
these blowers put in. We then had another term of experience 
of four or five years. The result of this is that we have gone 
back to the Sturtevant fans. It is true that in the mean time the 
Sturtevant fan has greatly improved. It is also true that we have 
put in larger sizes, coming up to No. 10; but we think that on the 
whole we get more efficient work from the fan, although we have 
not been able to make positive tests of the matter, because the 
work of the two interlace, the blowers and fans working into the 
same pipes ; but we find this—that the repairs of the Baker blow- 
ers were a very serious item. ‘This possibly is due in part to the 
hurry and drive and rather rough character of the repairs that 
cau possibly be made about such a concern running night and 
day. But nevertheless the repair item was a very serious one. 
The interruption of the work was serious, and the parts to be re- 
moved were heavy, cumbrous and difficult to handle. On the 
other hand, the parts to be handled on a Sturtevant fan are all 
very light and easily carried about. In setting the last fans we 
have made improvements in the arrangement of pipes, which 
possibly will account for much of the improvement over the 
former experience with the fans. By using the fan with an up- 
ward discharge, we get rid of one elbow at the start. Then by 
arranging pipes of ample area, making bends as easy as the loca- 
tions will permit, we get a much easier delivery. Another advan- 
tage results from the action of the fans, in giving automatically 
an increased volume, when another cupola is put on, or the pipes 
leak. It may be said that we should not have leaks; but in 
‘arrying pipes to six cupolas, varying in internal diameter from 
seven to eight and one-half feet, with ten tuyeres each and 
numerous valves, irregular leakage is inevitable. We run with 
an average of twelve to fourteen ounces. From either cause a 
slight reduction of pressure ensues, and the fan responds at once 
with increased efficiency. With a positive blower the loss of 
pressure is greater and permanent. 

In all cases, where the question lies between the adoption of a 
fan or a blower, the burden of proof is on the blower, because of 
its greater first cost and general unhandiness. 

Prof. Denton.—1 would be interested to know if that was the 
general experience about the Baker blowers, for I inquired very 
carefully regarding them before investing, and I found a most re- 
markable record regarding freedom from repairs. 
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Mr. Geo. Schuhmann.—I\ should like to call attention to the fact 
that when there is a large variation in the volume of blast required, 
and where the speed of the blower remains constant, the fan blower 
has a big advantage over the positive blower. In order to be on 
the safe side, we have to put ina blower large enough to supply 
the maximum amount of wind required. If for awhile we require 
only one-half of the maximum amount, we ean throttle down a fan 
blower and use only little more than one-half of the maximum 
power, while a positive blower must deliver the full volume, and 
we have to put in a safety valve to let the surplus escape ; so, while 
we are using only one-half of the blast, we are still using the full 
power to drive the blower. When the blast is entirely shut off on 
afan hardly any power is required to drive it, while with a posi- 
tive blower it still requires the same power as when doing maxi- 
mum duty. 

Mr. kb. C. Felton.—I would like to say a few words in relation 
to the use of the positive Baker blower in furnishing blast for iron 
eupolas in steel works. Mr. Mattes, of the Lackawanna Lron and 
Coal Co., has said that in the works with which he is connected 
they have gone back to the use of the fan blower for the cupolas 
connected with their Bessemer works. Now, it may be interest- 
ing to note that our experience at the Pennsylvania Steel Works 
is exactly opposite to this. We began by using two Sturtevant 
fans, coupled together to get the necessary pressure, but have 
now done away with them and put in the Baker blowers exclu- 
sively in both of our Bessemer plants. We find that they give us 
entire satisfaction, and that the item of cost of running and main- 
tenance between the two is decidedly in favor of the Baker blower. 
We have two Baker blowers in our No. 2 Bessemer plant, which 
have been running since 1881. They are driven direct from a 
horizontal engine against a pressure of about twelve ounces, and 
the cost of repairs on them has been so slight that it would be 
hard to name it. This has been our general experience, aud I was 
surprised to hear from Mr. Mattes that the opposite has proved 
true at Scranton. I think, however, that the Baker blower is used 
| most exclusively in all the steel plants I know of. 

Prof. R. H. Thurston.—There is one remark made in the paper 
that strikes me as especially interesting. The writer says that he 
discovers no difference between the straight and the curved blade. 
I imagine that the reason of the non-discovery of that difference 
is a very simple one. If he will take the trouble to lay down the 
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proper form of blade in order to give the maximum efficiency of 
fan, he will find that the best form for an ordinary fan is a very 
nearly straight one. Some years ago I had occasion to put in 
a heavy fan, and wanted one of high efficiency to do a great deal 
of work, supplying the blast for a marine engine ; aud the Sturte- 
vant people made me a fan which was very carefully proportioned. 
For that case the curvature of blade was, as near as I recollect it, 
about like that shown in Fig. 82. Now, the difference between 
that and a straight blade is practically not very | 
great, and I imagine that if a comparison were 

made between this straight blade and a highly 

curved one, it would be found that the straight 

blade would give as high efficiency as this par- 

ticular curve ; and as illustrating the fact that ©) Fig. & 

the curvature is an important element, I can relate an incident 
that occurred in connection with the fan just described when we 
were setting it up. When set up and in place we gave it steam, 
and under full steam we discovered no etfect. The air in the fire- 
room was as placid as before the blower was started. There was 
no perceptible blast. ‘The connections with the engine were all 
right. The connections of the blower were all right. We 
experimented about the machine for nearly half a day, and, 
finding no apparent defect, came to the conclusion that we 
should be compelled to send the fan back. But it occurred to me 
to overhaul the machine and see in what direction it was running 
and how the valve was set. I found the valve was so arranged that 
the engine could be driven in either direction, and all that was 
necessary to secure the reversed direction of movement was to take 
out a little pin and put it in another hole. Putting that pin into 


the new hole, on starting we found the engine ranning in the oppo- 
site direction, and then we had a gale of wind in the fire-room. The 
fact was that this curved blade, instead of running as intended, 
had been running in the reverse direction, and it then had a 
vastly less efficiency, as a matter of course, than a straight vane 


would give. The tendency was to scoop in the air at the periphery 
and to thus give us a reversed blast. So I think more than likely 
that the reason of the non-discovery of an increased efficiency by 
the adoption of a curved form may in many cases have been due 
to some such fact as this, or to the putting in of a curve which is 
not the correct curve for the purpose. On fast-running fans, 
when I have sometimes laid out these blades, I have found them 
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to come nearly to a straight line. Of course, if it is a radial blade, 
there is a certain loss of efficiency from the impact of the lead- 
ing edge; but if properly inclined, such a straight blade will give 
very nearly the efficiency of the curved one; the fact being that 
the curvature may be too slight to produce an effect observable in 
the operation of the fan. 

Mr. Crane.—What are the components that determine the form 
of that curve? 

Prof. Thurston.—The curve should be given such form that it 
would take the air on the vane without shock. The edge of the 
vane would follow the line of the current, taking it into its chan- 
nels without producing any shock. The design of the blade should 
be such that the terminal portion should be so shaped and should 
so move in a peripheral direction as to avoid the production of 
shock ; and the total curvature of the blade is thus determined 
very largely by the speed at which we may choose to run the fan. 
It is very easy to design a fan which shall be fast running or slow 
running. The speed is determined somewhat by the pressure 
which it is proposed to carry. But with a given rate of flow of 
air through the fan, a sharp curvature makes a fast-running fan, a 
less curvature means a comparatively slow-running fan and low 
pressure. 

Prof. Denton —The gentlemen will find the formula for the 
inclination of the blade in Rankine’s Applied Mechanics, under the 
head of “ Pressure of a Forced Vortex,” ete., Art. 650, Formula 3. 

Mr. H. I. Snell.—Replying to some of the remarks brought out 
in the discussion of this paper, I think Mr. Ashworth deserves 
attention first, as he has had the most experience, though I must 
think him very unfortunate. 

If he had read more of the paper, he would have seen one of the 
objects of the paper was to do something toward removing the 
prejudice and ignorance concerning blowers. I think he fails to 
comprehend that no table of the power, ete., of a blower under all 
conditions of outlet and inlet and at every temperature. and con- 
dition of barometer can be made. A catalogue may be right which 
says a thirty-inch wheel at 1,500 revolutions will take only 6 IL.P. 
if the discharge opening be 50 or less square inches; but it does 
not follow that that catalogue says a thirty-inch wheel takes 6 
H.P. at 1,500 revolutions under all conditions of discharge! In 
the paper I say in Table No. 4, on page 55, that a blower with a 
twenty-three inch wheel running 1,519 revolutions per minute only 
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took ;4,°; of 1 H.P. to drive it, and yet in the same table I prove 
that a twenty-three inch wheel running only 1,426 revolutions a 
minute took 4,5" H.P. It is this ignorance concerning the effect 
produced by change of conditions in the same blower which causes 
the great hue and ery against them. If you are advised by yoar 
physician that morphine is very good to quiet your nerves, he ex- 
pects you to use it only as he directs; so with catalogues of 
blowers ; they are guides only under the conditions stated, and if 
you do not understand them, the best plan is to call upon the 
manufacturer, as it is his business and interest to start you right. 

This paper was not an advertising one, and was not intended as 
such, although discussion has made comparisons between fan 


blowers and so-called positive blowers. I shall not take any re- 


sponsibility for bringing them in, and will take this occasion to 
say that in my opinion they are all good, and each has fields of 
usefulness which the other cannot successfully fill. 

In my paper I made the claim that a properly proportioned and 
constructed fan blower was more positive than any piston blower, 
or blower with revolver, for purposes of blast in manufacturing 
establishments requiring 1 lb. pressure per square inch or less, 
and I base that claim upon the principles governing their action. 
The pressure of air from the fan blower is due to centrifugal force, 
and is as certain as the law of gravitation upon which it is based. 
The pressure from the positive blower is wholly dependent upon 
the accuracy of its construction. Any leakage due to faulty work- 
manship, or wear, renders its positiveness dependent upon the 
amount of that leakage, and when we consider the velocity at 
which air will flow through any aperture under a pound pressure 
(the table on page 54 gives it at 21,360 feet per minute), and con- 
sider the small eubic capacity of these blowers, we can readily see 
that very small leakages will so greatly reduce the pressure of the 
confined air as to confirm my claim that the fan is the more positive. 
As mechanical engineers we all know how impractical it is to 
make tight revolvers, and if we made accurate fits, that expansion 
would prevent movement. We are also aware that the unavoid- 
able dampness, dirt, and grit necessarily taken in all blowers 
would destroy our accuracy. The manufacturers themselves are 
aware of this, and do not claim their blowers to work tight—they 
make them as close as possible, and overcome leakages by increas- 
ing the speed. My experiments prove that « fan blower speeded 
to give 12 ounces pressure with a given discharge will give 12 
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ounces all the time until it is destroyed; while a “ positive ” 
blower that will give it to-day may in a year give considerably 
less under the same conditions of speed and discharge. In the 
experience of Mr. Mattes, of the Lackawanna Coal & Iron Co., of 
Scranton, and in those of Mr. Felton, of the Pennsylvania Iron & 
Steel Co., at Harrisburg, we find directly opposite conclusions as 
to the relative merits of the fan and positive blower. Their discus- 
sion was very interesting to me, and I reasoned from it that the 
fan blower was best for Bessemer steel plants. Here is the case 
in point—two large concerns with similar plants have similar 
experiences up to certain points, but Mr. Mattes carries his in- 
vestigations beyond those of Mr. Felton, and finds continued im- 
provement by returning to an improved Sturtevant blower put in 
under more favorable conditions of size, adaptability to work, and 
improved piping. I would suggest that this question be investi- 
gated farther to see to what extent the fan blower and its usual 
arrangement to-day may be in advance of what it was years ago. 
Since the time when the first trial was made at Harrisburg, to 
my knowledge Mr. Sturtevant has spent many thousand dollars 
in experiments and in perfecting his appliances. 

I can hardly reconcile my experiences with those of Prof. 
Thurston relative to the results obtained when running a wheel 
backward. In my paper I have taken quite a strong posi- 
tion that the results obtained by reversing the direction of 
motion of the wheel vary but slightly. There are reasons 
why there should be some improvement in action if the 
wheel runs in the direction of the egress of the air, but 
with straight float radially arranged the pressure within the 
fan case must be the same, as the centrifugal force is the same ; 
and even with curved blades the centrifugal force is the same 
running backward or forward, and only a slight difference can 
be accounted for by the difference in friction between the concave 
and convex surfaces of the blades. I cannot conceive, and never 
saw a case, where the centrifugal force of the air was changed into 
a centripetal by the curvature or “ hooking” of the blade. As I 
disclaimed in my paper any reference to the construction of a fan, 
I do not think it necessary to discuss the proper form of blade or 
its angularity with a radial line, knowing many of the mathe- 
matical members of the Society could make that part of the sub- 
ject more interesting than I could, and I hope that may be under- 
taken at some future meeting. 
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Mr. Ashworth calls attention to the case at Fitchburg, Mass., 
mentioned in my paper, and contests my explanation of the cause 
of extra power as due to the partial filling of the main pipe from 
the blower to the cupola; overlooking my experiments, he con- 
firms them, by saying his experience has shown him that a partial 
closing of the pipe diminishes the power. On that point we agree, 
but that does not fit the Fitchburg case and many others similar 
to it. At Fitchburg we required a certain pressure at the eupola 
say 12 ounces, which is the usual pressure for cupolas of the size 
used there ; if the pipe becomes partially closed, in order to re- 
alize 12 ounces at the cupola, through the full size of the pipe or 
tuyeres, it must be forced through an obstructed pipe of diminished 
area at an increased pressure, or say about 16 ounces, which re- 
quires increased speed of fan to maintain that pressure with cor- 
responding increase of power. 

Regarding the durability of the fan blower, I can only say I 
have known of their running daily and in some cases continually 
night and day for many years at no expense for repairs ; with 
automatic oiling arrangements upon the journals, the only part 
subject to wear, and these journals of the best material and very 
large surfaces for the work done, why should they wear? The 
wheel may be corroded by gases or dampness and be destroyed, 
but it can be replaced at very small trouble and cost. I should 
consider I would have a bonanza if I could have a contract to 
keep all Sturtevant blowers in repair at ;'5 of 1 per cent. per year 
of their cost. 

Mr. Ashworth.—What would be the result in reversing in your 
experience with exhaust fans ? 

Mr. Snell.—The result would be the same. The exhaust fan is 
merely a fan blower with an enlarged mouth. 

Mr, Ashworth.—The reason I asked the question was that we 
had a matter of that kind. We found that a man had put it 
wrong side up, and it was turning the wrong way. We changed 
that location, and the material to be removed disappeared very 
quickly. 
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CCLXV. 


INTERNAL FRICTION OF NON-CONDENSING 
ENGINES. 


BY R. H. THURSTON, ITHACA, N. Y. 


(Member of the Society.) 


Ata meeting of the American Society of Mechanical Engineers, 
at New York, November 30, 1886, the writer presented a paper in 
which he endeavored to give in succinct form, and in as clear and 
simple a manner as possible, the data derived from certain investi- 
gations made under his direction, to determine whether the method 
of variation of the internal friction of the common non-condensing 
steam-engine is precisely as stated by standard writers on the sub- 
ject (especially following De Pambour) in assumptions made with- 
out apparently any attempt to check them by experiment. It had 
been customary among engineers conversant with the operation of 
the steam-engine to take the “ friction-card ” produced by applying 


the indicator to the unloaded engine as representative of the fric- 
tion of the engine at all times, whether loaded or unloaded ; but it 
had been, in theory, usual to accept, nevertheless, the formula of 
De Pambour, 


R-(1 +f) R, 


as given by Rankine, for example, in which 7 is the total resis.- 
ance, /?, is that of the net work of the engine, its “ useful” load, 
and #, is the work of friction of the parts of the machine itself. 
This formula is based upon the very reasonable assumption that 
the total friction must be a minimum in the unloaded engine, and 
that the imposition of external work upon it must, by increasing 
the pressure on its running parts, add to the total by the amount of 
the friction there arising. That this isnaturally the case there can be 
but little doubt ; the question which it has been sought to solve has 
been, not whether this is a correct assumption, but whether this 
undoubted increase of waste energy amounts to so much as to 
become observable, or to be practically important in the operation 
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of the engine—whether the engineer is right in theory, or practi- 
cally correct in his practice. 

In the paper referred to, it was shown that several distinct lines 
of experiment had indicated that no serious error is introduced by 
the assumption that the variation of friction in the engine with 
varying load is too small, in the class of engine here considered, to 
be taken into computations of efficiency. It was concluded, as the 
result of these investigations, that the friction of the non-condens- 
ing “ high-speed” engine of the better class is sensibly constant, 
and practically may be so taken, for any given speeds, at all loads, 
and, at different speeds, also, as independent of the magnitude of 
the load, from zero of load up to loads exceeding the nominal 
power of the machine. It was further concluded that this friction 
varies with the speed of engine, as some function of that speed yet 
to be determined, increasing as the speed increases and decreasing 
as the speed decreases. It was also found that the friction in- 
creases with the increase of steam pressure, 
Finally, it was concluded that the formula, 


R = R, 


may be taken as sensibly correct for such cases, rather than that 
taken by De Pambour, the value of the co-eflicient / being too 
small to be sensible in presence of other disturbing elements, in 
common practice, with this form of modern engine. 

The writer ventured, in the paper here referred to, to suggest 
the possible reasons for the insignificant values of this co-efficient. 
It had been shown by the writer, in the course of a very long series 
of researches in this tield, that the co-efticient of friction of lubri- 
cated surfaces usually decreases with increase of pressure, and so 
rapidly, in some cases—in many cases, in fact—as to make the total 
work of friction almost constant for all pressures within the range 
of safe practice. Thus the friction of the engine at the crosshead 
pin, the crank pin, or the main journal, probably remains sensibly 
constant, or nearly so, whatever the load thrown upon these parts ; 
while every other part of the engine subject to friction is un- 
affected by this variation of work done by the machine.* It has 
never yet been ascertained by direct experiment just what part of 
the friction of engine is due to the pressure on the connections 


* Trans, Am. Soc. Mech. Engrs., Vol. VIIL., p. 86. Jour. Franklin Inst., Dec., 
1886, 
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through the line of parts along which the power of the piston is 
transmitted ; but it is evident, from the fact that the co-efticients 
obtained by the writer, and by others since his investigations were 
made, under similar conditions of speed of rubbing, pressure and 
temperature, and with similar surfaces, were usually less than one 
per cent., instead of being five per cent. and upward, as commonly 
taken by earlier writers, that the total must be very small, aud its 
variations may well be insensible. 

teferring to the variation observed in the friction of the engine 
with variation of steam-pressure, the fact was noted that the type 
of engine selected for experiment invariably controls speed by the 
variation of the point of cut-off, and of the ratio of expansion, by 
the direct action of the governor, and it was remarked “that such 
variation results in the readjustment of the set of the valve in such 
manner as to cause the greater proportion of the nearly constant 
amount of work performed to be done more nearly at the com- 
mencement of the stroke, at a point in the orbit of the crank-pin 
at which the work is mainly lost by friction, and to reduce the pro- 
portion of total work done at or near the ‘half-centre, where it is 
principally useful. The proportion of useful to lost work is thus 
varied in such manner as to give a mean final result which is the 
less favorable as the steam-pressure is higher, and the cut-off shorter, 
giving a higher ratio of expansion. It is also evident that, if this 
explanation is correct, the difference here noted will be less as the 
point of cut-off approaches and passes the half-stroke position of 
piston and cross-head. Could the valve be set with negative lead 
for all positions at the point of cut-off, as is considered right by 
some experienced engineers, the work would be more nearly per- 
formed at positions removed from the ‘dead points,’ and the vari- 
ation here described would be thus reduced, while the efficiency of 
the engine would be increased.” 

Since the presentation of that paper and its publication, the rela- 
tion of internal friction of engine to the speed has been made the 
subject of investigation in the Mechanical Laboratory of the Sibley 
College, Cornell University, and the conclusions already derived, 
and stated as above, thus corroborated. These experiments were 
conducted by Professor R. C. Carpenter, of the Michigan Agricul- 
tural College. The engine was similar to that employed in the re- 
search last described, and was six inches in diameter of cylinder, 
twelve inches stroke, and the apparatus used with it was that for- 
merly used for the same purposes. The method of operation was 
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to place a load on the brake such as would bring the engine with 
an open throttle to a certain speed, and then, when the speed had 
become constant, to make the observations and record the data. 
The following table gives the figures of the log so produced at the 
last and best trials. The brake worked very smoothly and per- 


fectly, and the engine held its speeds very accurately : 


Number =>5 os Number 
on Indicator o™ on Indicator 
=o on = 


1 5.695 1 

136 9.583) 8.500 OBB 171 | 9.447 8.208 1.239 
165 11.244 9.570) 1.674 /14........ 217 (12.288 10.199 2.0389 
165 10.703) 9.735) 0.968 115........ 219 12.545 11.059 1.486 
192 12.101/10.944) 1.157 /|16........ 229 11.662 10.534) 1.128 
_ 80 | 4.982) 4.240) 0.742:117........ 52 1.504 
48 | 3.979) 2.502) 0.887//18........ 241 11.574 9.6410 1.93 
100 6.555 5.600 0.955 19 66 11.626 9.709 1.917 

120 | 7.647) 6.860, 815 2.439 


* Cards No. 3, 6, lost. 


In the next series of experiments, the engine was set at a constant 
ratio of expansion (2) ae, with cut-off at one-half, no governor 
being used, and the speed was regulated by the throttle valve. At 
five speeds the results were the following : 


204 0.449 0.369 0.080 
28 0.801 0.504 0.297 
152 3.556 2.888 0.768 
175 5.650 3.150 0.963 


4.113 970 . 680 


A much less satisfactory series of trials gave data as below. 
They are irregular, and evidently subject to correction; yet they 
give a general confirmation of the experiments already considered. 
In these last trials, the brake worked irregularly and unsatistiac- 
torily, and the log is only quoted as giving such general conforma- 
tory testimony, and also as showing the dangers which attend an 
attempt to handle a brake for purposes of this character. It is 
usually subject to such variations of resistance due to irregularity 
of lubrication, that it is only by special provisions or extraordinary 
care that it can be made to give absolutely reliable indications. 
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Illustrations of this fact are seen in the records for speed of eighty- 
three and one hundred and forty-three revolutions, where a sudden’ 
change of speed shifted the weight slightly, and thus gave the 
anomalous results recorded. Variations of steam-pressure due to 
‘auses beyond the control of the observers, contributed to make the 
last set of data comparatively unreliable. The speed was controlled 
and adjusted by hand. The indicator diagrams obtained were 
satisfactory, but the table is principally of value as showing the 
liability to irregular working arising in this method of operation: 


| 


Revolution of 


Revolution of 
) Engine. 


Engine. 


Indicated 
Horse-power 


Friction 
Horse-power. 


Indicated 
Horse-power. 
Horse power 


Horse-Powet 


004 
4.200 
820 0.1038 000 
515 0.559 || 28 7.716 
.8100.599 24¢ 7.446 6.832 
.810 0.254 |; 25% 8, 434 
0.241 


to 


4 
4 
4 


But even these irregularities are capable of being made serviceable 
as evidence. A general tendency to increase of friction resistance 
as the speed increases is seen, and by plotting the data, the curve 
of variation is roughly obtainable. This is not needed, however, 
as the experiments and data already obtained serve to give the law 
of variation with a very satisfactory degree of accuracy. The line 
most closely corresponding with the data which have been found 
most reliabie has very exactly the equation (from the first table), 


y=0.008 


and the internal friction of this engine is in horse-power about 
0.8 per cent. of the number of revolutions per minute. 

In engines of this class, therefore, it would seem that the internal 
friction varies directly as the speed, or sensibly so, other things 
being equal, and thus that it is directly proportional to the power 
exerted, and may be taken as a constant fraction thereof, when- 
ever the steam pressure and ratio of expansion, and the wastes, 
remain unchanged with varying speed. 

In this case the engine was operated with a wide-open throttle 


{ 
0.733 
1.045 
0.914 
0.715 
| 1.668 
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valve. In the second ease, in which the load was applied and the 
engine then speeded by handling the throttle, opening or closing it 
to obtain the desired speed, the friction is seen to have been pro- 
portional neither to speed, to power generated, nor to their 
product. Earlier experiments, already described, had shown that 
in this engine the friction was not sensibly variable with the load 
on the piston or brake, and the law is here seen to differ from that 
controlling it in the first of these trials in which the friction was 
found proportional, very nearly, to speed. It is thus evident that 
the method of distribution of steam and application of load must 
probably have an important influence in some cases, upon the 
magnitude of the least work of friction of engine. The irregulari- 
ties observed are, how ever, supposed to be largely due to variation 
of effectiveness of cylinder lubrication, and possibly to a_ less 
extent to variation in the efficiency of Iubrication of other parts of 
the machine. 

It was suggested, in the course of these investigations, that it 
might be possible that, as indicated by the writer in the earlier 
paper, the method of steam distribution might have an important 
influence in determining and modifying the law of variation of 
internal friction, and that it might not be true in other engines 
that the friction is independent of the power exerted, when the 
distribution of steam is effected by another system of valve-motion, 
as for example, by the older arrangement of regulation by a throt- 
tling governor. To determine this point, an investigation was 
undertaken with the same engine, but with the automatic gear 
removed and a fixed cut-off, the regulation being effected by a 
governor of the class last mentioned working a throttle valve in 
the steam pipe. The work was undertaken by Messrs. A. W. 
Buchanan and W. D. Gillis, who were aided as occasion offered by 
Assistant Professor A. W. Smith, in charge of the laboratory. 
A Gardner governor actuated the throttle-valve in the steam 
pipe at its point of attachment to the steam-chest. This is one of 
the most common methods of regulation of the less expensive 
classes of engine, and the governor selected was taken as represen- 
tative of the better sort in that class. Its operation was perfectly 
satisfactory, 

The difference in action of the two classes of governor is a very 
important one, not only as a matter of kinematics, but also as an 
element of efticiency of engine, and of economy in the use of steam 
and of fuel. The automatic system, so-called, adjusts the point of 
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cut-off, and the ratio of expansion with every change of load, in 
such manner as at every instant to make the energy expended by 
the engine precisely equal to that demanded to do the required 
work at the intended speed ; while the older system, as illustrated 
wherever the throttle-governor is used, produces .the same result 
by altering the pressure of steam in the engine without variation 
of the point of cut-off. The one holds the initial pressure unaltered, 
varying the extent to which expansion takes place; while the other 
continually varies the initial pressure, retaining a constant ratio of 
expansion. The two methods thus produce radically different 
modes of variation of the distribution of pressure and work on 
the points of connection of the train of mechanism carrying the 
work through the machine and applying it to its purpose, and thus, 
presumably may alter in different and appreciable degrees the 
total amount of internal friction at every point in the stroke, as 
well as its total for a full revolution or snecession of revolutions. 
In the first case, the proportion of work done usefully, or in fric- 
tion, at the early part of the stroke, and while the crank is 
swinging through a comparatively large are on either side the 
“centre,” in which are the work expended is mainly wasted, is 
being constantly varied; in the second, this proportion remains 
practically constant whatever the action of the regulating mechan- 
ism. The object of this later investigation was thus to ascertain 
whether such difference in action of the governor can affect the 
apparent constancy of loss by friction observed at all powers in 
the “automatic” engine; whether the fact that, in the automatic 
system, the work is so largely done during the period of minimum 
efficiency of machine, while in the throttling system it is done in 
greater proportion near midstroke, and thus in the period of greater 
efficiency, produces any sensible effect upon the magnitude of 
internal and wasted work. 

The study of the following tables, in which are given all the data 
obtained during this series of trials, as observed and computed by 
each of the two observers independently, and thus checked, will 
probably be considered to settle the question considered very thor- 
oughly. The same variations are to be noted here as in all previous 
investigations, variations presumed to be mainly due to the impossi- 
bility, under usual conditions of working in ordinary engines, of 
securing perfect or uniform lubrication; but the variations in the 
amount of internal friction due to variation of power developed are 
seen to be practically inappreciable, as in the first investigation 
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reported by the writer. The tables give the results obtained when 
working with a fixed cut-off at 4, }, 8, and at } stroke. All the 
figures obtained from the several indicator diagrams are presented, 
and the revolutions, the indicated and brake-power, the load on the 
brake-arm, friction horse-power, per cent. of friction, and mean 
effective pressure on the piston, are all recorded for every observa- 
tion. It will be thus seen that the variations noted are not due to 
alteration of load on the engine; but they cannot be traced to vari- 
ation of steam-pressure, to change of speed, or to any other element 
of which record could be made. It would seem an unavoidable con- 
clusion that these variations must be attributed to an inconstancy 
of the co-efficient of friction of lubricated parts, such as is familiar 
to every one who has given much time to the investigation of the 
laws of friction of lubricated surfaces. It was endeavored to evade 
this cause of uncertainty by the use of a“ sight-feed ” in the steam- 
chest, with an unusually free flow, but with less success than was 
hoped for, The conclusions are not, however, less positive and 
certain on that accoun*. 

The speed of the engine was not as perfectly held in this series 
of experiments as in the first; this method of regulation is never 
expected to be equal to that introduced with the automatic engine. 
It here often varied ten or fifteen revolutions from the desired 
standard as the steam-pressure and the load changed. Following 
these variations, a variation of the friction-work may be detected 
according to the law established in the last described set of ex- 
periments, but often obscured by the unidentitied cause of. still 
larger variation, Itis also to be noted that there is a slight but 
observable gradual increase in the amount of internal friction as the 
point of cut-off and ratio of expansion are changed, confirming the 
prediction or suggestion previously made by the writer in discuss- 
ing earlier work. The friction horse-power ranges from an average 
of 1.31 at 4 stroke to 1.55 at 4 stroke, at the same speed. (This 
engine, it will be remembered, is 6 inches in diameter of cylinder, 
and one foot stroke of piston.) The total power exerted ranged 
from zero on the brake, and about one and a half horse-power 
by indicator, up to 5.54, 11.07, 12.60, and 17.40 by brake at the 
several points of cut-off chosen respectively. The steam-pressure 
ranged between 85 and 95 pounds at the boiler, its variations 
being due to causes beyond the control of the experimenters ; but 
they were not sufficient to affect seriously the data or the conclu- 
sions. 
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INTERNAL FRICTION OF ENGINE. 
SIBLEY COLLEGE, CORNELL UNIVERSITY, JUNE, 1887. 
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5.36 263 
15.36, 258 
19.84 252 


24.40 220 


4.60 
12.46 262 
20.30 248 


24 


no 0 

71:15 63 

20 63 

(4 30 63 

66 40 63 

65 50 63 

2 40.04 246 7 47 16.25 60 63 
46.72 241 8.75 9.55 18.30 70 63 
553.2 216 3 9.74 18.56 80 63 


A column is introduced into the tables giving the percentage of 
the total power developed which is expended in the overcoming of 
the internal friction of the engine. This column exhibits, perhaps 
even more clearly than either of the others, the gain to be secured 


by throwing upon an engine the maximum amount of load consist- 
ent with maximum efficiency of fluid and with highest total effi- 
ciency of engine in other respects. General experience indicates 
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CUT-OFF AT STROKE. 
1 |3.12) .103.14 .082 .045 2.56) 3.60270 83 1.400 0 1.40 100 3.10 98 
2 3.14 .423.14, .47/1.34 150 10.72 12 2.29 (2.67 5.9615 63) 3.98 1.98 33.2 4.52 93 
3 13.12 513.15 .68.1.63 13,04 16 204 2.93 (8.45 6.17 2063) 5.12.1.05, 17. 2.47 93 
4 3.13) .803,14) .85 2.56 271 20.55 21.68 255 4.30 4,68 8.98 3063) 7.711.27 14.1 2.98 94 
5 (38.13) .99.3.14.1.093.16 | .347 25.28 27.76 250 5.20 5.89 11.10 40 634 10.08 1.02 9.2 2.43 93 
6 3.14 1.40 146 31.68 35.68 250 6.53 9.56 14.08 50 63) 12.60 1.49 10.6 3.65 90 
CUT-OFF AT } STROKE. 
1 13.13 .123.14 .0388 .048 3.0 0 1.55100. 3.48 95 
4 2 3.14 .503.14, .54 .150 .172/12.7 3.921.79 31.3 4.15 90 
3 3.12, .€03.15, .68 .192 .21615 5.161.838 26.1 4.27 90 
4 3.13 .803.13 .87 .256 .278 20 7.65 1.39 15.3 3.28 &5 
5 (3.13 1.06:3.14.1.11, .3389 .353 27 10.16 1.50 12.8 3.56 85 
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9 (3.11 1.93 3.10 2.06 .620 44.5 17.401.16 6.2 3.25 90 


INTERNAL FRICTION OF NON-CONDENSING ENGINES. 83 


that a cut-off at less than one-fourth stroke, at such pressures, is 
usually uneconomical in use of steam in such engines, and this in- 
vestigation shows that the friction of engine is an important ele- 
ment of loss for small powers, and that a throttling governor and 
light loads mean serious defect in efficiency and economy. Such 
an engine should, as far as possible, be adapted to its work in such 
manner that it should be at all times as fully loaded as possible. It 
would probably be even sometimes advisable to have two engines, 
the one for periods of light work, the other for times of full power, 


in order to secure maximum commercial economy. 


CENT OF FF! 


PEr 


The accompanying engraving (Fig. 2.) exhibits graphically the 
results of these investigations, as obtained by plotting the data so 
obtained, taking the net horse-power for the abscissas and the cor- 
responding amount of friction in per cent. of that power for the or- 
dinates. It is at a glance seen that the curves so obtained are nearly, 
if not precisely, parabolic, and that, therefore, the internal friction 
must have a constant value. If we were to plot the results here 
given, taking the internal friction as the abscissas, and the total 
powers as the ordinates of the curves, the line would be rectilinear 
and parallel to the axis of abscissas. 
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CONCLUSIONS, 


(1.) The conclusion derived by study of the above is evidently 
that the internal friction of an engine of this class, operated under 
the conditions here described, with a constant speed secured by the 
action of a thottling governor, is sensibly constant for all loads, and 
that the variations occurring at the points of connection in the train 
transmitting the work of the engine, when the power varies, form 
too small a proportion of the total friction to have important or 
sensible effect on the total, or to be observed in presence of other 
usual causes of irregularity. 

(2.) The conclusion reached by a comparison of the results of this 
investigation with those which have preceded is as obviously that 
the internal friction of this class of engine (the non-condensing) is 
sensibly independent of the magnitude of the load and of the method 
of steam distribution, or of the power developed; but that it is 
variable with speed and with efficiency of lubrication in a very ob- 
servable degree. 

(3.) In the engine here used, the total friction was considerably 
less than in that employed in the investigation last reported, prob- 
ably in consequence of its having been longer in service, and its 
bearing having thus come to a better condition. We may thus 
readily find here confirmation of a fact well known to engineers ot 
experience, that the operation of a well-cared-for engine will con- 
tinuously, and for a long time, appreciably reduce the internal frie- 
tion of the machine. 


DISCUSSION. 


Prof. J. E. Denton.—We have now had presented to the society 
by Prof. Thurston, several instances of this paradoxical showing 
regarding the friction of engines. In connection with his previous 
paper in addition to the examples of the author, Mr. Barrus pre- 
sented results from a one hundred horse power Corliss engine in 
which the friction was similarily constant. There was some 
query in Prof. Thurston’s previous paper as to whether the prin- 
ciple would hold for all classes of engines and various conditions 
of running of the same engine. 

He has added now a very interesting and Jaborious set of ex- 
periments further answering such query. 

I have put in the table below three engines which have come 
under my notice, the results regarding which still further increase 
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the probability of the hypothesis that the friction of all steam 
engines with cranks is practically constant for all loads. 


84 loaded. 7 loaded. Westinghouse 12 x 11. 
10 unloaded. 10 unloaded. 300 revolutions. 
23. loaded. 5 loaded Buckeye 7 x 14 
5.1 unloaded. 5.1 unloaded. 280 revolutions. 
Compound Condensing 
347 44 Power varied by throt- 
185 40 
tling. 
Compound Condensing. 
( 
4 = Power varied by expan- 
sion. 


The case of the Westinghouse engine shows considerably /ess 
friction loaded than when unloaded. The result was obtained 
with the use of a Prony brake which was under perfect control, 
water being maintained against the inner surface of the brake 
wheel rim by centrifugal force without any splashing of water 
upon the rubbing surface to interfere with the uniform lubrication 
of the latter. 

In the case of the Buckeye engine, the power was absorbed by 
a dynamo adjusted upen a Brackett’s “ cradle dynamometer.” 
Connection was made through a vertical belt between the engine 
and dynamo. 

The variations of power were made without practical variation 
of the slipping of the belt, and hence the total strain upon the 
main shaft bearings was not affected by the change of load upon 
the engine, so that the showing of constant friction is in this case 
proved to be independent of the lessening of strain upon the main 
shaft bearings, due to the greater upward reaction of the Prony 
brake arm as the load upon the engine is increased. (This point 
was pertinently referred to in the discussion of Prof. Thurston’s 
previous paper by Mr. Hawkins.) 

The cases of compound condensing, throttling, and expansion 
engines are selected from the Alsatian engine experiments of Hirn 
and Hallauer made in 1876. A Prony brake was used to absorb 
the power. 
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I think that, taking into account all the facts thus far pre- 
sented on this subject, there is no doubt that the friction of all 
modern crank engines is practically independent of the load, and 
Prof. Thurston is clearly entitled to the credit of calling special 
attention to the fact. 

T presume this fact regarding the constancy of the friction has 
been often met by others, but no particular notice has been taken 
of it,* and although, as Mr. Wolff remarked in discussing the pre- 
vious paper, most steam experts have used the friction indicator 
cards of engines as representing the friction of the engine for all 
loads; on the other hand, much time and money have been occa- 
sionally expended in attempting to insert dynamometers between 
engines and their work, on the assumption that the engine fric- 
tion varied with the load to an important degree. The usefulness 
of Prof. Thurston’s labors on the subject is, therefore, not at all 
problematical, inasmuch as all such attempts at dynamometry 
may be eliminated from programmes of engine testing. 

Regarding the explanation of the cause of the friction remaining 
practically constant, I am not satisfied with that proposed by the 
author, which I understand to be substantially that, since the 
Thurston oil experiments have shown it possible to secure less 
than one per cent. coefficient of friction with journals, the total 
journal friction of an engine is a small quantity compared with the 
friction of its piston and valve gear, and hence as the latter is 
not liable to increase with increase of load upon the engine, the 
only variable friction is that due to the journals, which because of 
the reduction of coefficient of friction with increase of pressure, 
do not vary sufficiently in their friction with increase of load to 
affect the total friction sensibly. Now the following facts are op- 
posed to this explanation : 


Ist. Coefficients of friction of one per cent. and under are only 
obtained with bearings in au exceptionally smooth condition, 
supplied with an impractically large supply of lubricant, and op- 
erated under conditions which afford a constant longitudinal mo- 
tion of considerable amplitude. None of these conditions are 
obtained in engine bearings in practice. 


* Tests of 16 x 30 Porter-Allen engine made at American Institute, New 
York, 1871, gave results as follows (power absorbed by Prony brake) : 
Indicated H.P 56 8t 109 142 
Friction by Prony Brake... 9.1 9.5 8.4 8.7 
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2d. The piston rod of a 7” x 14” engine being freed from the 
cross head, and steam of 60 Ibs. pressure let into both ends of the 
cylinder, the piston moved rapidly toward the cross head. 

Area of piston-rod, aig Of piston. 

Area of piston packing rings, 10 inches. 

Assuming steam to act underneath the ring with full pressure, 
the coefficient of friction, neglecting the stufting-box friction, is 
about 7 per cent. Take this coefficient at 10 per cent., and sub- 
tract the power absorbed by the piston and valve, on this basis, 
from the total friction of the engine to which the paper refers, 
and it will be necessary to assume upward of 10 per cent. coef- 
ficient of friction at all bearings to account for the remaining frie- 
tion of the engine. 

3d. If an engine with crank and fly-wheel be run without a 
governor, against a constant resistance, no practical variation of 
speed can be caused by varying the lubrication of the cylinder, 
whereas a rock drill or steam hammer, or direct acting pump, has 
its speed largely affected by variations of cylinder lubrication. 
Hence it appears that the friction of the piston and valve is not 
the main internal resistance of a crank engine. 

4th. Although it is true that the coefficients of friction of jour 
nals decrease with increase of pressure, such reduction is never 
sufficient, with constant feed of oil, to prevent some increase of 
the absolute friction. Hence the cases cited in which engines 
show Jess friction loaded than unloaded are not at all accounted 
for by this reduction of coefficient with pressure. 

The following hypothesis regarding the cause of the constant 
friction phenomenon appears to possess probability : 

It is based upon the fact that the most sensitive factor in the 
friction of a bearing is the amount of oil supplied. If this be in- 
creased where the supply is restricted, as in the case of practical 
bearings generally, it is quite possible to reduce the absolute fric- 
tion at a given pressure to /ess than that obtained at a lower pres- 
sure under the /ess supply of the lubricant. 

If, now, a bearing—for instance, a crank pin—has attached to 
it an oil cup capable of supplying lubricant continuously, the rate 
at which the oil is fed from the cup to the pin may be largely af- 
fected by the suction produced by the release of pressure on one 
side of the pin at the instant of passing the dead center; and the 
harder the engine is worked, the greater will be this suction, and 
the greater the quantity of lubr’cant applied to the bearing, and 
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hence a possible reduction of friction might ensue consistent with 
the results obtained by Prof. Thurston’s tests. 

Such action would apply to all cireular journals, and possibly 
to the slides. 

Oil cups for shafting, and some forms of locomotive crank pin 
cups, are adjusted so as to feed a drop only when pressed upon 
the hand and quickly withdrawn, so that a slight suction is cre- 
ated; and it is assumed that a similar but greater suction acis 
through the motions of the bearings, to eause the cups to feed. 

The above hypothesis is consistent with this idea. 

Mr. H. R. Towne.—tft the curious results reported by Prof. 
Thurston are true of a new engine, or engine that has not been 
run long enough to bring it down to its bearings, they would cer- 
tainly seem paradoxical; if applied to an engine which has been 
a considerable length of time in use, and has got into its best 
working condition, I can see that there is a possible explanation 
for a portion, if not all, of the results referred to. It would be 
this—that an ordinary steam engine, under usual conditions, is 
run with a tolerably constant load. It is conceivable that its 
bearings and parts adjust themselves to the conditions obtaining 
under that load and attain their best working condition there. If, 
therefore, the load is taken off, the elastic qualities of the mate- 
rials employed in constructing the different parts of the engine 
would tend to produce slight disturbances in the relationship of 
the parts, which changes might be quite sufficient so to alter the 
bearings of one on the other as to produce this curious result—an 
increase of friction with a diminution of load. I would ask Prof. 
Thurston if his experiments have covered ground which would 
make this point clear—whether any difference has been noticed in 
these results in experimenting with an engine which is new as 
compared with one that has been running a considerable time. 

Mr. Samuel Webber.—l1 arrived at precisely the same conclusion 
on the transmission of power through a transmitting dynamometer 
some years since, or in 1871, which Prof. Thurston has arrived 
at with the engine. I found slight differences in the friction due 
to velocity, but I also found that after I had determined the 
velocity and friction, any addition to the load placed on the 
Prony brake at one end of the transmitting dynamometer 
simply required an equal weight to be placed on the lever of the 
dynamometer to balance it on the other. We started with a small 
fraction of a horse power and went up to four or five or six horse 
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power, with some weight added at the other end immediately bal- 
ancing it. I found the same trouble which Prof. Thurston sug- 
gests for many reasons in getting at these results, before I could get 
the Prony brake to work with an equal and smooth friction. I be- 
lieve that is the experience with every one who has ever attempted 
touse one. To work a Prony brake properly requires about three 
people- one to handle the screws, one to attend to the lubrica- 
tion, and one to count the revolutions; but Iam happy to see that 
these results, arrived at a dozen or more years ago, allow me to say 
that I agree entirely with the conclusions arrived at by Mr. Thurs- 
ton. These data were entrusted to a friend in 1571, and were mis- 
laid, and only came to light after his death, some three years ago. 

Mr. Win. Kent.—I would like to ask if Mr. Webber has re- 
duced his figures to the coetticient of friction. 

Mr. Webher. I did, sir, and the coetticient of friction diminished 
very rapidly, and almost exactly in agreement with the figures 
given by Mr. Woodbury in the paper read some three or four 
years since before the society. 

Prot. R. H. Thurston.—1 do not think, Mr. President, that I 
have very much to add to what has been said. Certainly nothing 
in contradiction to what has been stated here. I have not thought 
that it was very much of a paradox; the real question with me 
was whether it was correct to say, as DePambour has said, that 
the total load on an engine, or on any machine, is equal to a cer- 
tain constant plus a certain percentage of the added load. The 
custom of engiueers all through the days of my early experience 
has been to assume that the internal friction of an engine is a con 
stant quantity, and these experiments were made simply to ascer- 
tain which were vight—De Pambour and those who followed him, 
or those more experienced, if less accurate, engineers who had 
come tothe conclusion that it was practically correct to say that the 
internal friction was constant whether the engine be loaded or not. 

In regard to the working of journals, I am not at all sure yet * 
what are the coetticients to be expected in the ordinary working 
of engines. I do not think it is correct to say that there is no 
end-play in the journal, because we usually intend that there s/all 
be. Ona journal of six or eight inches in diameter, and twice 
that length, | would give an end-play from an eighth to a quarter 
of an inch, and should always endeavor to see that it took it up. 


* Investigations in progress, and to be reported later, may settle this point. 


a 
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In some cases builders—my impression is that Prof. Sweet does 
it—so construct the journals of the main shaft that the engine 
not only has end-play there, but actually takes it up, by a slight 
endwise motion of the crank-shaft at every turn of the engine. 
However, I have seen engines working for a great many years in 
which there was no observable end-play, and with journals so 
magnificently smooth that no testing-machine jorunal, as_ ordi- 
narily used, could approach them. I remember one such old en- 
gine well—one with which I was familiar when a boy. It had 
settled down to a regimen which was absolutely constant, and the 
face of the journal had assumed a beautiful brown, mirror-like 
polish, and even the minute scores made in the surface by an oc- 
‘asional bit of grit had not been rubbed out by the endwise mo- 
tion: the condition of the journal was almost perfection. I have 
no question that ample end-play gives this perfection with much 
greater certainty. I see no reason why the operation of the en- 
gine should not give coefficients very similar to those obtained on 
a testing machine. It is true that in the ordinary testing of metals 
ou testing machines there is often a large surplus of oil used ; and 
yet, where we have used the ordinary wick feed, we have obtained 
these same low coefticients.* The lowest coefticients, even, that 
have been obtained by this latter method, so far as I know, have 
been improved upon vastly by the method of flooding journals by 
the “oil bath,” illustrated in all the experiments of Beauchamp 
Tower, which were made for the British Institution of Mechanical 
Engineers.+ But I make no pretense of asserting exactly how the 
friction of the engine is distributed. The suggestion I made a 
year ago seems a very plausible one—that in the presence of a con- 
siderable amount of friction these quantities may disappear as af- 
fecting the total—and I think it is possible that this may cover the 
ease. Tam not at all sure of that, however. 

I was asked whether I knew anything of the difference between 
old and new engines. Ido not. The engines which are reported 
here as experimented upon were practically new. Two were 
newly constructed, and the other, although an older engine, had 
been in use 2 less proportionate time. I should assume that the 
coefficient of friction of journals would be lower in old engines 
that had been running along time and well cared for than in new. 


* Coefficients of one-half of one per cent. are often obtained under conditions 


which seem to me less favorable than in good engine-shaft and pin journals, 
+ Trans. Inst, Mech. Eng’rs, Great Britain, 1883, p. 632. KR. a. T. 
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CCLXVI. 
A NEW PRINCIPLE IN STEAM PISTON PACKING. 
BY JOHN EK. SWEET, SYRACUSE, NEW YORK 
(Member of the Society.) 


So far as is known to the writer, wherever pistons have been 
packed to prevent the escape of steam (except in the case now to 
be described) the object has been accomplished by forcing the hemp 
or rings, or whatever was used, against the surface of the cylinder. 
That this system has been perfectly satisfactory in thousands of 


Fig. 3 


cases is undeniable; that it has not always been satisfactory is 


equally undeniable. That nearly all sorts have been satistactory in 


certain cases is probably true, but that any one sort has always been 
satisfactory, no one, I guess, believes, except makers of that partic- 
wlarsort. That the principle embodied in the new plan will always 
work right, is not at all likely, but it will work, in many cases, I 
believe, where others have failed. 

The reason the simple small square rings turned eccentric and 
sprung in the cylinders do not always prove successful is due to the 
difficulty in establishing a proper balance between two conflicting 
conditions; sufficient initial tension so as not to be stuck fast by 
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bad oil or abrasion, or liability unduly to wear themselves and the 
cylinders if given too much set. 

Fig. 3 shows all there is really new about the scheme I have to 
present, and it is what it appears to be, a common eccentric ring 
hooked together by a clamp which forms a part of the ring itself, 
and this hook clamp limits the expansion of the ring and changes 
the whole principle of its action. 

The rings are cast heavy, rough turned very much larger than 
the cylinder, a piece cut out, sprung together and fitted with the 
hook clamp or shoes, left slightly larger than the cylinder and then 
re-turned to a tight fit. It will be noticed that the rings can com- 


press to a limited extent, but cannot expand. In use they act, or 
are supposed to act, as follows: 

When the engine is first started and the hot piston moves to the 
cold end of the cylinder, the rings compress and allow it to go free ; 
but when both cylinder and piston get up to working temperature, 


the rings just fit and work without any pressure and very little 
tendency to wear. 


Filing out the hooks compensates for wear when it has taken 
place. It will be seen that the hook clamp is longer at one end than 
the other. The object of this is to break joints when two rings 
are placed side and side in the same groove, and thus cut off the 
leak which would otherwise take place through the gaps. The hook 
clamps or shoes are placed at the bottom of the piston, in the hori- 
zontal engines, and secured by leaving them a tight fit and allow- 
ing the follower to bind them fast. 
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Figs. 4 and 5 show the arrangement as 
used in a large piston with spider, bull ring 
and follower, and the method of lining up 
the rod with liners between bull ring and 
spider. 


The objection to the plan is that it is only 


applicable, with any prospect of success, to 
parallel cylinders, a thing not always obtain- 
able, but one that is more easily obtained 
as machinery and methods improve. With 


a parallel cylinder, and the job properly 
fitted up, I know of nothing in the line 


more sat isfactory. 


DISCUSSION. 


Prof. JS. B. Webb.—I would like to ask Prof. Sweet whether the 
invention cannct be described as a solid piston with an arrange- 
ment to prevent it from sticking in the cylinder—whether, so far 
as the working quality is concerned, it is not essentially a solid 
piston ? 

Prof. De Volson Wood.—I wish to ask to what use has this ring 
been put? It so happens that many good things which appear 
very good at first, prove to be defective with use. As long asa 
thing is really new, if it is fairly good, we do not know the objec- 
tions which may arise afterward. I would like to know whether 
this device has been tested in practice to an extent to show its 
merits and demerits. 

Mr. Geo. S. Strong.—I would like to ask Mr. Sweet, or any one 
else who has had experience, why cast-iron rings where they are 
sprung in, as they are in ordinary locomotive practice, or Rams- 
bottom rings, have a tendency to break in service. They are 
ver good as long as they last; but I find they very often will 
break, and the engine will run for some months before you find 
it out. You take the cylinder head off and find your ring in 
twenty or thirty pieces, sometimes cutting the cylinder to pieces. 
I am very much interested in the question of finding a good pis- 
ton packing which will stay together and last. Perhaps Mr. 
Sweet’s device will overcome the difficulty 1 speak of. I cannot 
account for it myself, and I have not met any one who can account 
for that tendency. Sometimes it will last for a year, and again 
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you will have to put in a dozen in a year. I donot know whether 
it is water in the cylinder, or unequal pressure, or what it is that 
causes these rings to go to pieces. 

Mr. F. H. Ball.—\ would like to ask Prof. Sweet if he has not 
found that parallel cylinders wear larger in the center, and how 
his ring would do in cases of that kind. The elastic ring, of 
course, would follow the cylinder in all positions of the piston. 

Mr. Oberlin Smith.—1 think that when a ring breaks, it is from 
the same cause that makes other metallie structures break—-it has 
to move too near to the elastic limit of that particular piece of 
metal. Probably the qualities of cast-iron which are homoge- 
neous and have no flaws in them last better than the poor ones. 
But, perhaps, if rings that do break were proportioned differ- 
ently—made thinner in a radial direction, they would not give 
way so often in the way Mr. Strong speaks of. 

I would like to ask Prof. Sweet in regard to the wear of the 
outside of the ring and the bore of cylinder. The paper says 
that he files away the hook portion, when it is worn too loose, 
so as to allow it to expand a little larger after so filing. How 
often does this usually have to be done? 

Mr. T. R. Almond.—W ouldn’t it appear that the increased 
velocity of the piston would be the cause of the extra wear? 

Mr. H. deB. Parsons.——In reply to the question just put, I would 
say that it has always been considered by me (granting the cylinder 
is worn in the middle), that it was due to compression in the 
packing of the stuffing box. When the crank at wid-stroke is at 
right angles to the center line of the engine, and the connecting 
rod at its greatest angle, the latter exerts a vertical pressure on 
the end of the piston rod, which would be enough to throw the 
piston slightly out of parallel and thus unduly wear the cylinder. 

Mr. Angus Sinclaiy.—\ think if that deflection was sufficient to 
lead to the breakage of a piston ring that it would be felt much 
more on metallic rod packing for instance, and that it would 
injure the packing so much that it would leak badly before it 
would lead to injury to the rings inside. 

Mr, Almond.—-1 would like to ask Mr. Sinclair what he thinks 
about the action of the piston in the cylinder in traveling across 
the center and the quantity of motion there. The increased 
motion of the piston as it passes the center, in my opinion, would 
cause the increase of wear at that point. 

The President.—Increased velocity, you mean ? 
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Mr. Almond.—Greater velocity in passing the center or at the 
center. ‘The greatest velocity must be, of course, at the center. 

Mr. Sinclair.--1 can scarcely see it. I think I can hardly 
agree with that. 

About that matter which Mr. Strong spoke of in regard to the 
breakage of Ramsbottom piston rings, my experience has been 
that some roads use these very successfully and have no reason 
to complain of the breakage. The breakage is not by any means 
greater than with the ordinary steam piston rings, and I have 
come to the conclusion that the material used has something to 
do with it, and I think that occasionally the rings are injured in 
springing them on. I can see no other causes which would lead 
to the destruction of which he speaks. 

Mr. O. C. Woolson.—I want to know if any of the gentlemen 
here have observed, in opening the steam cylinder of a pump, or 
the cylinder of an engine, that the center of the cylinder had the 
appearance of being much less lubricated than the ends. It is a 
matter that suggested itself to me in years past. that if there is any 
difficulty at all in lubricating a cylinder it Occurs more in the cen- 
ter than at the end. I think that would account -for the wear 
somewhat. In addition to that, it has also occurred to me that 
in the steam packing rings there is an opportunity of getting a 
greater force on these rings in the center of the eylindei than at 
the ends. In other words, unless we have a large cushion, the 
packing rings do not get to business quite as quick, and I think 
there is a greater force on those rings, as it starts away from each 
end, than directly at the end, and in that way I think it helps to 
wear the center, when there is evidence of such wear. 

Mr. Strong.—Since I spoke before, I have had my attention 
valled to a ring they are using on the Pennsylvania Railroad, in 
which, in turning the grooves in the piston, they slip the center off 
about one-sixteenth of an inch, turning in just room enough to 
allow the ring to bear against the bottom of the groove and against 
the face of the cylinder, so that they carry the piston on the ring, 
and they turn the ring without any eccentricity, and they leave 
the ring loose in the groove, so that the ring is free to turn, and 
in practice they find that the ring does turn so that it wears per- 
fectly even all the time. It does not wear thinner at the bottom 
or at any one point, and the piston itself never rides on the eylin- 
der, but rides on the ring altogether, and they are getting very 
good results, so far, on these rings. I think probably this break- 
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age I speak of is due in a good many cases to the fact that the 
rings are fastened on the piston so that they cannot turn, and they 
wear thinner where they ride on the bottom of the cylinder. They 
become weaker there than at any other point and break. 

Mr. Geo. H. Babeock.—The time which is appropriated to this 
subject has expired. Permit me to add a word in regard to the 
wearing of steam cylinders. It is not a regular thing for a steam 
cylinder to wear larger in the middle. I have known many of them 
to wear larger at the ends, at one time when it was fashionable to 
put in a “steam” packing, as they called it, in which the pressure 
was admitted under the rings. In engines with short cut-off, it 
was found that the cylinders would wear considerably faster at 
the ends than in the middle. I do not remember that I ever 
noticed a cylinder which had worn larger in the middle than at 
the ends; but it is not at all uncommon to find a cylinder smaller 
just at thesend. Where the piston does not override the counter- 
bore, it is very common to find a ring at the end smaller than the 
rest of the bore, which may lead to the impression that it is worn 
larger in the middle. Speaking of the wear of steam cylinders, I 
remember an old steamboat on the Hudson, the Rip Van Winkle, 
which had a horizontal cylinder laid down upon the keel working 
through a triangular beam. It was said when she was built that 
the cylinder would wear out of round because of the weight of the 
piston running in the horizontal cylinder, but after that engine 
had been running twenty years it was very carefully measured, 
and it was found that the horizontal diameter of the cylinder was 
actually greater than the vertical direction; the difference being 


the spring of the metal. Owing to the fact that this cylinder was 


bored vertically, when it was laid down upon its side it sprung 
slightly, from its own weiglit, and twenty years of constant use 
had not been sufficient to wear the amount of that spring out 
of it. 

Mr. Daniel Ashworth.—lIt has occurred to me in close observa- 
tion upon the boring of cylinders, that in a majority of cases 
where there is a difference in the texture of the iron, that the por- 
ous portion, or the less homogeneous portion, is mostly in the 
center of the cylinder. We have a clearer, more solid texture at 
the ends, anid it seems to me that, under such circumstances, 
there would be, at the very start, a tendency to wear more at the 
middle of the cylinder than where the iron is of a closer texture. 
This is something which I have frequently observed in boring 
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cylinders. That may have something to do with a cylinder wear- 
ing larger in the center than at the ends. 

Mr. T. R. Almond.—Some experiments were made in my shop 
by Mr. Hobart in turning out a hole in a large coupling, the hole 
being four inches in diameter. He found that the power required 
on one side of the hole when the tool was boring was very con- 
siderably greater than on the other side, and the casting was a 
very good-looking casting, solid throughout, and, to all appear- 
ances, it hardly showed any variation in porosity or density. The 
case was rather surprising to me, although I had noticed for a 
long time all those little difficulties that occur because of the vary- 
ing densities of materials. But this was specially noticeable be- 
cause it took so very much more power on one side of the hole 
than on the other—perhaps as much as 20 per cent. more. There 
were a great many experiments made in that connection at that 
time, and in every instance we noticed such a difference in the 
density corresponding to, perhaps, the bottom or to the top of the 
casting. 

Mr. John FE. Sweet-—In reply to Prof. Webb, I would say that, 
according to my notion, the piston acts exactly like a solid piston 
after both piston and cylinder become heated to the same tem per- 
ature; and to Prof. Wood, that it cannot be told what may be the 
result after some years of use, because, it is not over two years 
since the first one was made. Aside from my own experience, I 
will say that rings put in a pair of 26” cylinders, and run six 
months without stopping, were reported by the engineer to be as 
tight as when first put in; and in the case of a 24” Buckeye en- 
gine at Beaver Falls, the chief engineer writes that after running 
six months he put 95 lbs. of steam in one end, and his head in the 
other, without inconvenience. 

In regard to the breaking of the small cast-iron rings referred 
to by Mr. Strong, I know of but one reason, not mentioned, which 
may lead to this breakage: when the grooves are deeper than the 
thickness of the rings, and the rings overrun the counterbore, 
they may be blown in, so to speak: then, after leaving the counter- 
bore, snap out against the cylinder, and in that way break them- 
selves. That they do so blow in and snap out, we have proven to 
our own satisfaction to be a fact. 

To Mr. Oberlin Smith I would say that we cannot tell how 
often it will be necessary to file out the hooks, as we have not, as 
yet, had to file out any. 


‘ 
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Regarding the cylinder wearing larger at the ends than in the 
middle, or larger in the middle than at the ends, so far as this 
method of packing is concerned, there is no experience to indicate 
what the final result is to be, but reason would indicate that it is 
impossible for the ring to wear the cylinder unevenly, whatever 
other influences may do. That the increased velocity should 
wear the cylinder faster in the middle than at the ends, I do not 
believe; nor should I expect a cylinder to be more porous in the 
middle than at the ends, nor inefficient lubrication to show itself 
any sooner there. Imperfect alignment is far more likely to cause 
trouble by making a fulerum of the piston-rod packing, as sug- 
gested by Mr. Parsons. 
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CCLXVII. 
AN ECONOMICAL METHOD OF HEATING AND VEN- 
TILATING AN OFFICE AND WAREHOUSE BUILD- 
ING. 
BY HENRY I. SNELL, [PHILADELPHIA, PA.” 
(Member of the Society.) 

Vartovs methods have been devised and are in use for heating 
large rooms, manufactories, and public buildings. Some of them 
take into consideration the ventilation of the buildings as well. 

I will describe briefly a method which I have had in use in my 
store in North Third Street, Philadelphia, Pa., for the past two win- 

ters, Which has been very satisfactory. It has been very economical, 
: and dependence could be placed upon its efficiency at all times, no 
matter what the condition of the weather might be. 

A reference to the accompanying sketch will clearly give a cor- 
rect understanding of the arrangement. (Tig. 6.) 

An exhaust fan driven direct by a small upright engine is con- 
nected with a“ patent air-heater” placed in the basement at the 
front of the store by an 18-inch galvanized pipe. 

An upright boiler in the basement furnishes steam to run the 


engine; the exhaust steam from the engine is delivered through the 
exhaust pipe into the base of the air-heater on one side, and the 
drip and condensed steam is conveyed away through a pipe at the 
other, 

The exhaust steam of the engine furnishes all the heat usually 
used, but as a precaution, and for use early in the morning, in ex- 
tremely cold weather, or for use in very moderate weather, in the 


iniddle of the day, when it is unnecessary to run the engine, a small 
live steam pipe is connected with the base of the heater. The fan 
runs at a very low speed, and is perfectly noiseless. In my case, no 
conducting pipes for the distribution of the air are necessary, and 
the variations of temperature in different parts of the store are not 
} observable with the ordinary commercial thermometer. By exam- 
ining the sketch, it will be seen the store itself becomes one large 
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conducting tube—and the air is used over and over again, enough 
fresh air coming in through openings around the windows and 
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through doors constantly being opened. An opening near the bot- 
tom of the heater has been provided, and can be used for supplying 
fresh air when greater ventilation and less heat are required. 

The following data are submitted : 

Length of store, 95 feet; width of store, 24 feet; height of 
basement 8 feet 6 inches in the clear; height of first or main floor 
13 feet inthe clear; height of second floor, 11 feet 6 inches in the 
clear.* 

The side walls are brick, inside walls plastered, and have no 
openings. 

The front is almost wholly of glass, and the large windows are 
hinged, and open or close like a door. They are not very tight. 
About three-fourths of the wall surface of the back end is composed 
of glass; the rest of brick. 

The building is five stories and basement, and I only occupy and 
heat the first and second stories and basement, but I think I could 
easily heat the whole with my apparatus at a very little increase of 
cost in fuel. 

The engine that drives the fan is three inches in diameter, and has 
three inches stroke. The wheel in the fan is 36 inches diameter, and 
13} inches wide at the outlet of wheel; the area of discharge of 
blower 1.76 square feet and the inlet is same size. The heater is about 
3 feet wide, 6 feet 6 inches high, and 20 feet deep, and filled with 588 
feet of one-inch steam pipe. I am so well satistied with the results I 
get from this apparatus, that I have not made any close and accurate 
experiments of what I can do withit. I know from the cost of my 
fuel that the expense of heating all I occupy is about the same as I 
formerly paid when I only heated the offices which were partitioned 
from floor to eciling and heated with open grate. I might return 
the condensed water from the heater to the boiler and make a 
greater saving. This is not done at present. 

Possibly before the meeting of the Society we may have some 
cold weather, requiring the use of the apparatus, and if this paper 
produces any discussion by the members, some careful experiments 
upon its performances may be laid before them ; but at present I can 
give only the results of one imperfect and incomplete observation, 
made during December, when the outside temperature was 45°. 


* This floor I only heat occasionally, as it is used principally for the storage 
of machinery. When necessary to heat it, 1 open the damper shown directly 
over the mouth of the blower, and sufficient heated air will be driven through 
the opening to heat it comfortsbly in a few minutes. 
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Temperature of the air on its return and just before entering 
the heater, 59°. 

Temperature of air issuing from the mouth of the blower after 
passing through the heater, 112°. 

Average temperature of air in the room of the main store, on 
first floor, 75°. 

Pressure of steam in the boiler by gauge, 40 lbs. 

Revolutions of blower, 113 per minute. 

I have made arrangements by which I can measure the evapo- 
ration of boiler, condensation by the heater, steam pressure at cylin- 
der, and temperatures at various places in the rooms, but to put them 
in operation I require another element, which I can only obtain 
later inthe season, viz., cold weather. 

I have no apparatus which will give more heat units than con- 
tained in the steam, but I do think I have one which will utilize 
those obtained to the greatest advantage, and one that will work 
when I want it to, and as I want it to, independent of atmospheric 
condition even when the winds blow where they list. One self: 
evident advantage must be apparent from the better distribution of 
the heat throughout the room, having a mueh less difference 
between the temperature at the top of a room similar to the one 
above described and at the bottom. A room 13 feet high heated 
with furnaces or radiators will at times be 25° warmer at the top 
than near the floor. When this air is more uniformly mixed as it is 
with a blower, a less expenditure for fuel will be the result and more 
agreeable conditions realized. 


DISCUSSION. 


Mr, C.J. H. Woodbury.—The method used most extensively 
in heating mills is that widely known in connection with the work 
of Mr. Sturtevant, which consists in blowing large quantities of 
air through a building, passing the air from a blower through an 
iron space filled with coils of steam pipes, heating it at a tempera- 
ture not over one hundred and forty, and then by galvanized iron 
pipes, or if they have put up the building with proper prepara- 
tions, by flues in the plastered walls, distributing the air over the 
building, controlling its ejection from the orifices by means of 
dampers, as may be required. The cost of this method of steam 
heating is exceedingly satisfactory, because it requires in the 
first place a very small amount of pipe, relative to the ordinary 
method of piping a building—something like one-sixth, as a mat- 
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ter of recollection. Second, it is entirely controllable. It is not 
necessary to warm portions of the building by radiation from the 
return heating pipes, &c., where you have no reason for use of 
the heat in such places. Third, there is no extensive depreciation 
of the apparatus by freezing of the condensed steam in pipes 
which have been unskillfully put up, leaving pockets. 

I never learned the source of this method of heating, but believe 
that it antedates any method of heating by direct radiation from 
steam-heating pipes, and has come into use a second time more 
successfully by reason of improvements in blowers and engineer- 
ing skill in its installation. 
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The next method of heating buildings which has met with the 
greatest success is that of the overhead steam-heating pipes. I 
suppose if the whole history of the art of steam heating of indus- 
trial property were ever written in all its truth it would read more 
like a contest, on account of the lives which it has cost. In 
former times, when they used very large cast-iron pipes, about six 
inches in diameter, a single coil was hung about eight or nine feet 
above the floor, and the heat from above radiated on the top of 
the head was probably pernicious to health, as it certainly was to 
comfort, in the highest degree. Then for some reason, whose 
history I could never learn, the pipes were placed in the usual 
and conventional manner around the sides of the room, where air 
could not have easy access of circulation around the pipes, and of 
later years there is a method of hanging the pipe about three feet 
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from the ceiling and from the walls of the room in a manner which 
received at first a great deal of ridicule, but which has been fol- 
lowed by approval in practical work. A mere yoke holds four 
pipes by means of a half-inch rod in the manner illustrated (Fig. 
74), and avertical steam pipe running up through the building sup- 
plies branches running off to each room, as may be required, and 
thence by separate returns condensation comes back. The opposi- 
tion to such a method of heating of course is purely conventional. 
They recall the hypothesis about a room being heated by convee- 
tion, where the air is represented as rising up in the middle of the 
room, being cooled at the ceiling and sides and falling down, form- 
ing a couple of vertical whirlwinds. Now suppose that we apply 
the test of direct experiment to that, as was done in the mill at 
Hartford, where the elevated steam pipes were rubbed with oily 
waste before steam was let in upon them. The heat of the oil 
with which they were smeared very rapidly showed, by appeal to 
both smell and sight, that the smoke was driven off from the pipes 
filling the room uniformly; that it was following the laws of 
increase of temperature of the room, which was nearly uniform. 
1 think at a previous meeting of the society I alluded to a letter of 
inquiry which was written a few years ago upon the subject of 
heating factories located near Washington and farther south up 
to the Province of Quebee on then orth and from the Atlantic 
coast to the western part of New York State, seeking information 
relative to the present overhead system of heating, and of the 
forty-two letters received there were forty favorable replies and 
only two which were unfavorable. The favorable replies of course 
had different degrees of approval. Those where the approval was 
partial were, I believe, in every instance, where tle rooms were 
eleven feet or under in height. 

Mr. John Walker.—Having had some experience recently in 
applying the hot air system to our workshops (The Walker 
Manfg. Co., Cleveland, O.), I would say that we are much pleased 
with the same ; and referring to the paper by Mr. Snell, I have 
been, therefore, interested in the data given. I find in making a 
few calculations, that he has about 200 square feet of heat- 
ing surface in the heater, and 49,000 cubic feet of space in the 
basement and first floor; this gives about 4 square feet of heat- 
ing surface in pipes per 1,000 cubic feet of space. When the 
upper room has to be heated, there is a total of about 75,000 
cubic feet in the three rooms; so that with the same 200 square 
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feet of heating surface, this reduces the square feet of heating 
pipe in heater to 2} per 1,000 cubic feet of space, to maintain 75 
degrees of heat on first floor. This I should consider a good 
showing with 40 pounds of steam in the boiler, and no doubt can 
be accounted for in the case which he presents by the rooms being 
protected, the sides having ho openings at all, and the windows 
and doors being at the ends of the rooms only. 

Tn designing our plant, we had to consider buil lings exposed 
on every side, and at a considerable distance apart ; the north 
side of all of the buildings being exposed to the cold winds from 
Canada via Lake Erie. Our foundries have ordinary roofs, with 
ventilators the entire length. Taking these conditions into account, 
we thought that probably 10 square feet of heating surface per 
1,000 cubie feet of space might be required ; we found, however, 
that 6 square feet of heating surface per 1,000 cubic feet of space 
was sufficient, with steam at from 70 to 75 pounds pressure per 
square inch. 

No. 1 foundry contains 90,000 cubic feet of space. 

No. 2 foundry contains 165.000 eubie feet of space. 

Melting house, casting cleaning shop, ete., contain 58,000 eubic 
feet of space ; making a total of 313,000 cubic feet of space. 

With these conditions we were enabled to keep the shops at the 
comfortable temperature ranging from 60 to 75 degrees, according 
to the severity of the weather. 

The benefit to our foundry cannot be too highly appreciated ; 
as the double advantage of heating the shops and displacing the 
smoke and gases incidental to a foundry was accomplished.* 

Mr. W. B. Le Van.—I would like to say a word in regard to 
the heating and ventilating of buildings by the use of a fan. It 
is of more importance than is at first thought given to this plan. 

In the first place it not only heats the building properly, but 
also ventilates it perfectly, which other systems do not do, and 
which I consider a feature of primary importance as regards the 
heating of buildings. 

Mr, H. I. Snell.—This paper having been read in connection 
with my paper upon “ Experiments and Experiences with Blow- 
ers,’ ‘+ there is but little left to reply to, as all the remarks seem 
to concur with what I have said. 


* See Topical Query 259-39 on removing gas and smoke from shops. Trans., 
Vol. VUE, p. 697. 


+ See page 51, of present volume. 
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I will venture the remark that wherever properly designed for 
the work, and, except in extreme cases where the arrangements 
of the rooms are such as to require expensive and extensive pip- 
ing for the conduction of the heated air, the cost of the apparatus 
ready for the work is less than the system of direct and indirect 
radiation. 

I have been informed that in the case of the Western Peniten- 
tiary of Pennsylvania, at Allegheny City, when the estimate was 
made for heating by the direct and indirect system, it called for 
and there was appropriated $53,000, The plan which I have 
described was adopted instead of the other, and the work and all 
material was furnished for about $25,000 (or less than one half), 
giving better results and satisfaction than any other system would 
give, 

Replying to the remarks of Mr. Walker relating to proportion 
of pipe to the eubie contents of the space to be heated, I will say 
that in the Women’s Homeopathic Hospital in this city (Phila.), I 
have 2,000 feet of one-inch pipe to heat 250,000 cubie feet of 
space, and it is doing very satisfactory work in heating, and ven- 
tilating as well; this equals one square foot of pipe surface for 
about 350 cubie feet of space, or less than three square feet for 
1,000 eubie feet. I might say in this case the fan is located ina 
separate building about 100 feet from the hospital, and the air, 
after being heated to about 135 degrees, is conveyed through an 
underground brick duct with a loss of only five or six degrees in 
eold weather. 

This system is by no means a new thing, as it was used 14 
years ago to heat and ventilate the Boston Rubber Shoe Co.'s 
works at Malden, Mass., where after heating and ventilating their 
rooms the waste heat was conducted to the attic rooms and made 
to do duty as a means of drying their rubber. 
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CCLXVIILI. 
STANDARD SECTION LINING. 


BY FRANK VAN VLECK, ITHACA, NEW YORK 


(Member of the Socicty 


From a consideration of the lack of uniformity prevailing, and 
of the positive needs of engineers, it is proposed to bring to the 
attention of the Society some recommendations which, it may be 
hoped, will lead to the establishment and general use of standard 


sections, to be used in all engineering drawings, to represent the 


conventional sections of iron, steel, brass, lead, ete. 

To the modern engineering works, the blue-printing room has 
become almost as indispensable as the existence of the drafting 
department itself. This ferroprussiate, or blue-print process, has 
but gradually worked its way into this elevated position, yet its 
possibilities and its exactions have well nigh revolutionized many 
of the old draftsmen’s methods. ‘The requirements of the photo- 
engraving process, being nearly identical with those of the blue- 
print, have also lent their aid in effecting this result. These 
changes have been the abandonment of all colors, save black—if 
that can be called a color. No more is the favorite “ wash” spread 
abroad over the tracing, or those picturesque red or blue dimension 
or center lines permitted. All must be white or black, with no 
semi-tones permissible. It is true that a very few still use colors 
as washes on tracings ; but this number is gradually decreasing, as 
the result is almost always unsatisfactory, for the reason that colors 
so used give by transmitted light through the transparent tracing 
different results according to the difference in actinic effect of the 
colors, and this effect has no direct correspondence with the 
color used. The density with which the color is laid on has also a 
most important effect, so that the same color as applied to the trae- 
ing may have, at different times, entirely different effects in the 
blue resulting. The time of printing is also a factor of vast im- 


portance. In a print overdone nothing of the wash may be 
observed, while in a quickly made print it may be very apparent. 
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As the blue-print must of necessity be in monotone, it is practi- 
sally useless to seek for sectioned effects by the use of color on the 
tracing. 

Until within very recent times it was never the custom to send 
out or exchange duplicate copies of drawings to any extent, be- 
cause such a proceeding usually involved the making of a tracing. 
Notwithstanding that the execution of the tracing was always rel- 
egated to the office boy, yet it always remained an item of con- 
siderable expense. Therefore, each shop and drawing-oftice had its 
own special methods; nor was it a matter of any moment what 
these methods might be, as long as they were understood and 
covered all the local requirements. The introduction of the blue- 
print process has led to the dissemination of reproduced drawings 
broadcast throughout the land. Especially is this so in relation to 
railway work. The office of the head mechanical engineer or super- 
intendent of motive power often originates all the mechanical de- 
tails of a road or a system of roads; the drawings of these details 
are then forwarded to all the shops of the company and to shops 
of affiliated companies. In these cases, of course, it has been neces- 
sary to adopt some uniform system of sectioning and linework. 
The systems adopted have been almost as numerous as the corpora- 
tions adopting them; and thus, when the drawings of one company 
were put into the hands of a foreign company, the difference of 
methods would be very noticeable, sometimes confusingly so. 

A well-executed blue-print tracing, being available for the pur- 
pose of the photo-engraving process, lias led to the multiplication 
of copies of drawings in the illustrated engineering press. Often 
these engravings are made directly from the tracings, thus carry- 
ing into other establishments any system which they may bear; 
sometimes they are resectioned and otherwise altered to corre- 
spond with the system adopted by a special journal. Here, again, 
is confusion, 

These being the facts, would it not be well for the American 
Society of Mechanical Engineers to stand as the sponsor of a 
system of sectioning which should be known throughout the coun- 
try as the standard formally approved by them ? 

Would not such a system, if recommended by this body, soon 


come into very general use, and be the means of saving much an- 
noying confusion, and also yield those many other advantages 
which the adoption of any standard will insure? 

For analogous standard conventionalizations in drawings, might 
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be mentioned the subject of heraldry. Here a system of lining or 
sectioning for colors is used which is the admiration of all for its 
simplicity, its conciseness and its applicability. Not only has it 
been employed some centuries, but its use is universal. A coat of 
arms with the field engraved (or sectioned) with its parallel vertical 
rulings is known at once as the color red, and by all nations—save, 
perhaps, by democratic Americans, who havea riglit to glory in their 
ignorance of monarchical trappings. Why should not the vastly 
more vital subject of mechanical engineering have as well digested 
a system of lining as such a purely wsthetic subject as heraldic in- 
signia? Why should we not indicate our irons and steels with as 
much precision as the colors and tinctures on coats of arnis / 

In the fields of science, we have the example of the geologists, 
who are now casting about for some standard method of indicating 
sections of differing strata on geological profile maps. At the 
meeting in Berlin of the International Congress of Geologists, 
plans were proposed for a geological map of Europe, which should 
employ, for the grand geological divisions, colors and symbols which 
could be readily accepted by all geologists as a universal sign 
language ; * and for this purpose an international color-scale was 
adopted. 

In adopting standards for engineering use, what conditions will 
best fulfill the purposes for which such standards were designed ¢ 
In a system of sectioning, what desirable features should be sought 
and what undesirable ones avoided? The object of a system of 
sectioning is to make drawings more quickly “ readable.” If com- 
plicated systems are used, or if, as is often the case, the name of 
the material is written upon a plain section, then a certain, and a by 
no means inappreciable, amount of mental effort is required before 
a complete comprehension of the drawing is arrived at. The work- 
ing drawing then, instead of at once being a diagram of the object, 
becomes a problem whose details must first be studied before the true 
mental conception of its construction can take place. We are aware 
that some large corporations designate either by initials or writing 
the name of the material sectioned; but, on the whole, would it 
not be more highly satisfactory to all concerned to adopt systems 
of sections which, perhaps, would call for a little more labor and 
time on the part of the draughtsman, but which would be a boon 
to all who have to read such drawings. 


* Report of American Committee of International Congress of Geologists. 
Trans. of American Association for the Advancement of Science, 1886. 
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The most useful advantages to be sought in a system of section- 
ing might be summed as follows : 

(1). Ease and rapidity of execution. 

(2). Clearness or legibility. 

(3). Simplicity. 

(4). A good or an even effect. 

(5). Adaptability to the material defined. 

Ease and rapidity of execution must be secured at all hazards, as 
in these practical days everything must be reckoned by its cost of 
production. “ Time is money,” as well in the draughting-room as 
in the shop. 

Clearness or legibility may be best secured by adopting sections 
which may vary greatly from each other, and which, therefore, the 
eye can easily distinguish at a glance. A prime essential is sim- 
plictty, as wpon this depends not only the neatness of appearance, 
but also the rapidity with which the section can be put in. A good 
or an even effect can be best attained by avoiding, as much as pos- 
sible, broken lines or dotted lines. From the difticulty of putting 
them in, it is almost impossible to maintain a series of broken lines 
all equally spaced. Adaptability to the material defined.—This 
should be so arranged that the material most often recurring should 
have the simplest method of sectioning ; while, if complicated sec- 
tions must be used, they sheuld only be applied to the rare sub- 
jects. 

At the suggestion of the Director of the Sibley College of Cor- 
nell University, Prof. R. H. Thurston, the accompanying system of 
sectioning was adopted for the students of mechanical and electrical 
engineering in that institution. At the outset it may be well to 
state that no great amount of originality is claimed for the sections 
here shown, most of them having been variously used. 

Referring to the figures (7 to 27), cast iron is represented by 
plain parallel rulings. This being the simplest and most easily 
executed of all sections, it is employed for the metal most often 
occurring. Simple and appropriate as this may appear, yet it 
seems that a large number of companies employ the section shown 
by Fig. 8. Why this more difficult section should be used for cast 
iron, no one seems yet to have satisfactorily explained. Fig. 8 is 
then reserved for wrought iron. Fig. 9 is steel. It will here be 
observed that these three sections, which oceur oftener than all the 
rest, are formed by the employment of solid right lines—no broken 
lines occurring. Many, it is known, use for these metals sections 


| 
4 
| 


STANDARD SECTION LINING. 1lli 


having broken lines in connection with full lines. These may look 
very nicely, but they are expensive, since it requires at least five or 
six times as long to ink in a broken line as it does one full one. In 


7. Fra. 8. Fia. 9. Fie. 10. 
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Fia. 11. Fia. 12. 


COPIPLE LEAD OR BABBITT 


Fie. 15. Fig. 16. 


STEEL STEEL STEEL CAST STEEL 
(Unwin) (German) 


Fie. 19. Fria. 20. Fic, 21. 


MALL. IRON BRONZE UNDESIGNATED 
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the other sections, as shown, this, perhaps, is not a matter of so 
much concern, as these sections are but occasionally used. 

Fig. 10, the brass section, has the appearance of being composed 
entirely of broken lines, but in reality it is made up of alternate 
full and broken lines. The usual section for brass has been one 
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composed entirely of broken lines, but this section as recom- 
mended secures, therefore, the same effect with a less expenditure 
of labor. Copper and brass are naturally related and so should be 
their sections, but as copper is not in so general use as brass, it is 
then not necessary that its section should be as simple. Therefore, 
the copper section adopted and shown in Fig. 11 is the same as 
brass with a cross ruling of full lines. Lead or babbitt is repre- 
sented by a sectioning which is already in very general use for that 
purpose. It consists of full lines cross-hatched, preferably at an 
acute angle, as shown in Fig. 12. Fig. 18 is in common use for 
leather and packing sections. 

The demands of electrical draftsmen have also brought into 
use two new sections which are coming to be more or less recog- 
nized. One of these is a sectioning to represent such an insulat- 
ing material as vulcanite, vulcanized fiber, ete.; the other is a form 
suggesting a section through a coil of wires, as for instance a_sec- 
tion through an electro-magnet coil. 

In Fig. 24 are shown two methods of sectioning through 
wood. It is often desirable to indicate approximately the direc- 
tion of grain. In this case it can be readily accomplished as repre- 
sented. 

In order to observe what sections have been used and proposed 
from time to time, a number are shown in Figs. 15 to 21. Fig. 15 
has been very commonly used for steel, but it has a grave defect in 
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that it uses broken lines. No. 16 is used by Unwin* for steel. It 
is open to the same objection, only intensified. No. 17, also used 
for steel by the Germans, is very pretty, but the similarity to a 
Scottish plaid could be better exchanged for a section which would 
consume only half the time to draw. No. 18 has been recom- 
mended for cast steel.t Whether it is necessary to have a sepa- 
rate designation for cast steel remains a question, especially as the 
term cast steel is in many quarters rather vague. No. 19 for 
malleable iron and No, 20 for bronze have been recommended, but 
whether there is a real need for them remains to be seen. No. 21 
is simply a suggestion, not yet assigned to any material, but hav- 
ing the advantage of being composed entirely of full lines. 


DISCUSSION, 


Prof. F. R. Hutton.—I1 am much interested in the subject of this 
paper, and hope that its presentation will result in some recommen- 
dations by the Society as embodying their experience and _prefer- 
ences. 

I am well aware of the arguments which can be urged against the 
use in the drawing-room of a busy shop of any conventional system 
of seetion lining. The best of these is the necessity of having the 
men who are to read the drawings in the shop educated also to the 
use of the standard section lining, and the difficulties from misun- 
derstanding such ruling as put down. The other objection comes 
from those whose drawing-room is short-handed, and who think 
that draftsmen take too long at a job any way, and if all sec- 
tions had to be hatched throughout to be understood, the difficulty 
would be so much the worse. Objectors on either ground adopt 
the plan of writing in the name of the material upon the drawing 
at points enough to make error unlikely. 

These objections are both valid as far as they go, and are good rea- 
sons why the engineer advancing them should not adopt a standard 
system for his particular shop; but they do not touch the question 
as to the desirability of the existence of a set of standards to be used 
by such as prefer the use of this dialect for drawings, nor the use- 
fulness of such common standards for other purposes than shop 
drawings. There will always be a larger number of draftsmen and 
offices who will use the system of lining sections, and they certainly 
will be the gainers by uniformity ; but the particular point which I 


* Elements of Machine Design, p. 16. 
+ The Master Mechanic, April, 1887. 
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wish to urge is the advantages in the matter of illustrations of engi- 
neering papers and technical literature generally which would fol- 
low from the adoption of a system authenticated by those most 
competent to suggest one, and then generally adhered to. The 
illustrations in the journals and other publications must be lined for 
printing, and the method of printing in the name of the material is 
here either not applicable at all or else is costly out of all proportion, 
in these days when ruling is done in engravers’ establishments by 
a machine with an adjustable feed motion to produce the spacing of 
parallel lines. The use of such machines is moreover an added ar- 
gument against the adoption of broken lines in any conventional 
section, since the unbroken line is made here also at much higher 
speed. Fig. 38, made up altogether of broken lines, and produced 
by such a machine, is an excellent commentary upon this point. 
The white places are accidental, but have arranged themselves in 
what appears to the eye like an attempt at a pattern. If the mem- 
bers of this Society, agreeing to follow a certain set of standards, 
would use them in the illustration of their contributed papers for 
the Transactions, Iam sure that it would be found of advantage 
sufficient to pay for the little extra trouble it might cost. 

Hoping that this paper and its discussion may result in the ap- 
pointment of a committee of the Society to look into this matter, I 
took the trouble to write to the nearest technical schools, requesting 
the officer in interest to send me a reproduction of the standards in 
use there for presentation in this discussion. Ten years ago, when 
tirst took charge of the details of the construction drawing at Co- 
lumbia School of Mines, I compiled the series of conventional hatch- 
ings which are shown in Figs. 28 to 43. The hatchings were taken 
from available sources in technical literature at that tirme, and some 
which were not found anywhere were originated. We have used 
them ever since, finding, however, the faults and objections to thei 
which are obvious, and which have been mentioned by the author 
of the paper. The ruling appears finer in the cuts than we use it, 
because the originals furnished to the engraver were slightly re- 
duced to make them the same size as those presented by the author 
of the paper. Our students are never allowed to work so fine as 
this, since we try to have them use a coarseness which the time- 
pressure of after Jife will admit of their adhering to. Several of 
the other technical schools addressed use no conventional system, 
but hope to see suggestions made which will result in proposing 
one. The Massachusetts Institute of Technology uses very much 
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the same system as at Cornell, publishing them in a pamphlet with 
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other notes on the execution of drawings according to their standard. 
I shall be very glad if from all the engineers and manufacturers 
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who may attend this meeting additional contributions of the sections 
in use in their shops can be given in the form of tracings or blue-prints, 
which can be considered as part of the discussion of this topic, and 
used by the Society’s committee (if appointed) in deciding upon 
the standards to recommend. 
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It would be a very great help to the technical schools if its officers 
could say to students that the system which they would present has 
the recommendation of such an organization as this; and the adop- 
tion of a set of standards by the schools, by agreement, would go far 
on the other hand to secure its general introduction into practice 
when their graduates came thereafter into the active work of the 
profession. 

Mr. J. J. Grant—The matter of section lining drawings is one 
which interests both the employer and employee, from the head 
draftsman down to the apprentice. 

That some standard system of section lining or symbols is badly 
wanted is evident to any one working from drawings made by 
different draftsmen, and that it should be as simple as possible 
is equally evident. The day for elaborate drawings, especially in 
machine shops, is fast drawing to a close, and in my opinion any 
system upon which this society puts its stamp of approval should 
have the element of simplicity in it. There are many of us who 
have spent days in section lining a drawing when such time might 
be entirely done away with by some simple letter or symbol, easily 
understood by any one, speaking either English or a foreign 
tongue. 

Every one would like a standard system of drawing, but what 
might be called embellishments should be such as can be quickly 
done, so that in any small establishment, where a man is even at 
times not only boss but also all hands, he ean afford to make his 
drawings to conform to the standard. 

Mr. H. R. Towne.—Vhe last speaker has correctly stated that 
this subject interests both employers and employees equally. It 


is important to adopt some standard of this kind which shall make 
drawings intelligible to the workmen in our shops, and such that 
a workman, in passing from one shop to another, will not have to 
learn a new language each time that he changes. The average 
drawing usually requires, in some places at least, that the charac- 
ter of the material shall be indicated by letters. Many views on 
a drawing show parts not in section but in elevation, and there- 
fore symbols have to be used. In the establishment under my 
charge we have already adopted the standard sections which Prof. 
Thurston has introduced here to-night. We have been using 
them for some months with great satisfaction. But in connection 
with them we are also using a system of symbol letters which 
were briefly described in a paper that I read at the Pittsburgh 
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meeting several years ago on the subject of a drawing office sys- 
tem.* The letters are as brief as possible, one initial in some 
cases—never more than two—indicating each of the different 
materials employed. I would suggest, therefore, if a committee 
is appointed on this topic and should make a report, that they 
recommend that in any standard sheet representing the sections 
proposed there should be printed in the middle of each diagram 
a symbol, or letter or letters, indicative of the material, so that 
the two may become known together; so, also, that whenever 
either is used the other is naturally suggested to the mind, and 
that each conveys the same meaning. I think that both are re- 
quired ; that the use of section-lining alone does not fully cover 
the ground, and that symbols should be considered by the com- 
mittee as well as section-linings. I hope that a committee will 
be appointed for this purpose as has been suggested. 

Mr. J. H. Cooper.—There are many sheets of drawings made 
without a particle of section-lining, and the material of these must 
be named in words. It is quite impossible to have a distinctive 
section-lining for every material. There are too many at present, 
and the number is increasing. Moreover, the woods and stones 
of different countries differ so much, as do also the measures, that 
any international uniformity of delineation must be very com- 
plex. 

Of several mechanical methods accomplishing any purpose 
equally well the cheapest is taken, and we may say the same of 
methods of drawing. If a system does not aid work, it should be 
discarded. 

There is no question about the importance of representative 
section lining in certain kinds of drawings, and those shown in 
figures 28 to 43 in Mr. Hutton’s discussion of .the paper are 
appropriate and elegant. But the one voice from the construc- 
tive department is, “ Put things down so plainly that everybody 
can clearly understand all about them.’’ In the interest of draw- 
ing-room economy and machine-shop certainty, I would suggest 
that section lining be used to show sections only, and that the 
material be named in words. 

Prof. F. N. Willson.—I look upon this matter from about the 
same standpoint as Prof. Hutton, and believe it very desirable 
that in this, as in everything else, we who are engaged in teach- 
ing s 


hould feel that we have back of the standards which we set 


* Trans. A. 3. M. E., Vol. V., page 200. 


before our students the sanction and practice of a large portion of 
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the engineering profession. Observing considerable disparity in 
the various systems of sections which have come under my notice, 
I have been familiarizing my classes at Princeton with the stand- 
ard sections adopted several years ago by the Pennsylvania 
Railroad. If systems of section lining are indispensable to the 
profession, it certainly would seem most desirable that some one 
system should be agreed upon and universally adopted, and if a 
committee is appointed to examine into the matter I would call 
its especial attention to the following points: First, that the 
recommendations of both Mr. Van Vleck and Mr. Hutton regard- 
ing the use of the continuous line can very easily be carried out 
for the representation of the ordinary metals, also of glass and of 
water, by simply selecting from the two systems already pre- 
sented and that of the Penn. R. R.,—only one or two new designs 
in addition being required. Second, that the kind of section 
lining heretofore in general use to indicate the /uct that the piece 
represented is in section, should not, as in the various systems 
now in use, be made the symbol of any particular material. 

Mr. F. A, Halsey.—I rise to ask what this is all for. I have 
looked the matter over carefully, and am unable to find any rea- 
son for these conventional lines. Consider what they involve. 
They must be memorized by principals, draftsmen, and workmen, 
and then the draftsmen must consume time in using them, and 
the workmen in deciphering them. When it is all done, the result 
is imperfect. None of these systems provides for one-half of the 
materials in every-day use. Consider the infinite number of 
materials which go by the name of steel, and all the mysterious 
compounds which come from the brass foundry—and yet we have 
here only one way for designating steel and one other for brass. 

In point of fact, however, the workmen never do learn these 
systems, and consequently the draftsman prepares a key which 
he posts up around the shop—or perhaps"pastes on the corner of 
each drawing—and the workmen diligently compare the drawings 
with the key to Jearn what the drawings mean. It seems to me 
that it would be just as reasonable to call for materials in a for- 
eign language, and then send the workmen to a dictionary for 
the meaning of the words, as to call for them by these conven- 
tional lines and then send them to the key for the meaning of the 
lines. We could submit to all this if it were necessary ; but it is 
not. There is another convention already at hand, which every- 
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body understands, and which is comprehensive enough to cover 
all possible materials. It is to simply call things by their names 
and have done with it. When I want to specify that a certain 
piece is to be of steel, I letter on the drawing of the piece “ Steel.” 
In the same way, to call for brass, I say “ Brass.” If some par- 
ticular kind of steel or brass is wanted I say so, and that is the 
end of it. I would like some one to say why this simple and 
obvious method does not answer all possible requirements. 

I believe that I place as high an estimate on the value of sys- 
tem in work as any one, but this is a case of system run mad—of 
system for the sake of system, and not for what it will accomplish 
To be worth anything, a system must save more than it costs; 
must relieve one’s burdens and not add to them; and under this 
test this system fails. I take it, however, that the majority of 
the members use some such system as this, and the presumption 
is that they have some reason for it, and so I will close as I be- 
gan, by asking what it is all for. 

Mr. John Coffin.—Iu proposing a system of this kind, if a com- 
mittee be appointed to review the matter, I hope they will have 
some consideration for the draftsman. Now, after a draftsman 
has worked for quite a while and studied out the construction 
which he wants, and is resting himself a little by putting in some 
of the little details, he comes to a complicated system of section 
lining. I must say that there is nothing which tires me quite as 
much as putting in section lines. If different materials are to be 
indicated by dashes interrupted by dots at certain times, some- 
thing like the Morse telegrapb system, it would be very tiresome. 
If by continuous lines, I do not see how we would make them fit 
the cases unless we made them of different inclinations or differ- 
ently spaced. If they are to be determined by the spacing, I find 
it very difficult to go over a large section and not get the spacing 
finer on one side than on the other. If they are to be deter- 
mined by the directions of the lines, I do not see what we are 
going to do with the fellow on some other side of the drawing. 
We might hear him say: “ Dick, what is that—brass or steel? I 
am left-handed on this side.” (Laughter.) There is nothing 
easier to put on a drawing than s-t-e-e-l or b-r-a-s-s, to indicate 
the material; and when it comes to foreign languages, I do not 
see but what it is just as easy to put on a little key to the lan- 
guage, a sort of dictionary, as it is to interpret the section sys- 
tem. I remember having an old dictionary in which the flags of 
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the different nations were represented—the colors—by peculiar 
lines running in different directions, and I think I turned to the 
marginal reference to figure out what colors the flags ought to be. 
I thought it a great satisfaction when they got to putting a col- 
ored print in the dictionary, because you know not only what the 
color is, but you know what the flag looks like. 

Mr. H. R. Towne.—In order to bring this method before the 
society, as apparently contemplated from what has been said, I 
will move that a committee be appointed by the chair, before the 
close of this session of the Society, to consider the subject and 
report at our next meeting; and if I may ask for a moment’s fur- 
ther use of the floor, I would like to comment on one point which 
has been raised in the discussion, which is this—that mere lining 
is not intelligible to many persons and that it is better, therefore, 
to write out the word. I think a fair parallel to that is this fact, 
which we all know, that the old style of drawing, with colored 
sections, neutral tint for cast iron, blue for wrought iron, and 
yellow for brass, was perfectly intelligible to all of us. We never 
wanted any lettering upon it. We always recognized what was 
meant ata glance. The use of this proposed system of section 
iinings will indicate just as quickly and just as accurately to us 
what each section means, when we become used to it, as the old 
system of colors did, and a parallel to that is the habit that we all 
have now of recognizing pictures which are in line or form only 
and are without color. The invention of photography and the art 
of engraving have long familiarized all of us with the reading of 
pictures which are simply in black and white, without any color, 
and yet the eye and mind very quickly add to them the significance 
of color, being guided by long habit and practice. Now, the same 
thing will result from the adoption of a system of section lining of 
this kind, in which, without the need of referring to color at all in 
the mental processes, we will by glancing at the drawing obtain 
quickly a correct understanding of the different metals repre- 
sented, just as well as we used to do from the colored and tinted 
drawings which we had before the invention of the art of blue 
printing. Certainly something of this kind must be done in order 
to make the blue print as quickly read and as intelligible to us as 
the eld colored tracing was. I trust that a committee will be 
appointed for this purpose, and I am sure that the object of its 
appointment is a useful one to all of us. 

|The motion was seconded. | 
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The President—Has any one any remarks to make on the sub- 
ject of the appointment of this committee ? 

Mr. Jas. B. Ladd.—I would suggest that the first duty of the 
committee be to ascertain whether or not such section lining is 
desirable. I side entirely with the speakers who urged that such 
a thing is entirely undesirable. It is extra work all around and 
not what we need. I think we should pass first on the question 
whether we are going to have a standard section lining before we 
consider what it shal] be. 

Mr. John EF. Sweet.—1 should oppose the appointment of this 
committee for this reason, that this Society has appointed a num- 
ber of committees, and in certain cases the committees have spent 
a good deal of their time in preparing their reports, and after they 
had made their reports the Society has refused to adopt them, or 
even to recommend them. It seems to me it is imposing a task 
upon men to ask them to act on committees and then to refuse to 
profit by the reports after they are made. 

Prof. James E. Tm nton.— I should vote against this committee 
on the ground that it proposes to devote itself to a refinement upon 
al question which every one will be able to decide for himself in a 
way which will secure all the practical ends that a drawing is in- 
tended to secure. I think that it is too trivial a matter for this 


society to put its time upon in the manner proposed. (Applause.) 
Mr. Wm. Kent.—It may be very well for the professors in the 


colleges who are teaching drawing to agree among themselves as 
to a standard lining which they shall teach their students, just the 
same as students are now taught the metric system although they 
may never be expected to use it. It may be well that there should 
be such a uniform system among the colleges, But I think that 
the mechanical engineers in general will disapprove of any stand- 
ard'so far as putting it into practice is concerned. I think in gen- 
eral, managers of work have to educate the draftsmen to come 
down from the refinements they get in colleges and to teach them 
to make a drawing with a piece of chalk on the door of a black- 
smith’s shop or in the dust on the floor with a finger. I think 
this question had better be referred to the professors in the vari- 
ous colleges, and not taken up by a committee in the Society. 
Mr. H. R. Towne.—So much has been said already on the 
question of a vote for the appointment of a committee for a pur- 
pose of this kind that I feel justified in asking for a moment’s 
more time in which to put the matter straight before the meeting. 
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My friend Prof. Sweet has recalled a fact which occurred at our 
meeting in Atlantie City, if | remember correctly, at which the 
Society voted against putting itself on record as indorsing the 
report of a committee in accepting it, and allowing it to go outas 
the standard of the American Society of Mechanical Engineers.* 
I was one of those who opposed the action that was proposed at 
that time and voted in the negative, and I have never regretted it. 
I think that is the proper position for the Society to take—that 
we do not, as a body, commit ourselves to the indorsement 
of any report of this kind, and therefore do not authorize a stand- 
ard, such as here proposed, to go out under the name of the 
standard of the American Society of Mechanical Engineers. But 
that is no reason why a committee should not be appointed, as 
has been done in many other cases, to consider some special sub- 
ject of interest to the members of the Society, and make a report 
thereon. The work of such a committee will of course be better 
digested and considered than any discussion at a meeting of this 
kind, and the approval of the members present at the meeting 
when such a report is submitted is expressed by the vote then 
taken. That however is a very different matter from what was 
proposed at the Atlantic City meeting, which was that the report 
should be adopted and the matter in question go forth to the 
world as the official action of the Society and as its “ standard” 
in the particular thing referred to. If Prof. Sweet will recall the 
facts, I think he will see that there is quite a difference between 
what was then proposed and what is proposed here to-night. 

Mr. Wm. Kent.—I happened to be chairman of that committee 
at Atlantic City on which the discussion took place whether their 
report should be adopted as the opinion of the Society or not. 
The verdict of the Society at that meeting was understood as 
establishing a precedent that the Society would not at any time 
indorse as its “standard” any committee’s report on any subject. 
I think it was said at that time that it was following the prece- 
dent established by the Institute of Mining Engineers ten years 
before, where some one moved that a certain report be accepted 
and that the society commit itself to a certain opinion. The 
president declared the question out of order, saying that the 
society did not exist for the purpose of having any opinion on any 
subject as a society. An appeal was taken and the chair was 
sustained. And that view has always been sustained in that soci- 


* Trans. A. S. M. E., Vol. VL., page 877. 
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ety ever since. As we adopted that plan two years ago, I think 


it well to stick to it. This, however, I consider as a very different 
thing from a decision that no matter shall ever be referred to a 
committee for consideration and report. The report in any case 
carries the weight which is given to it by the authority of the 
members who prepare it and the care taken in its preparation, 
and is none the less valuable because the Society does not deem 
it wise or politic to indorse it formally as its official opinion. 

Mr. Jno. T. Hawkins.—Without touching upon the merits of 
this subject, I would like to say a word or two about appointing a 
committee, before we get to that disagreeable stage, as we may 
do, of hearing an emphatic “No” on this question. I would 
like to take ground against the position of Prof. Sweet. I hope 
to see no precedent established in this Society to the effect that 
we must necessarily be expected to indorse the work of a com- 
mittee. But on the other hand I should regret a policy or prac- 
tice that no committees should be appointed because their action 
possibly would not be sustained or approved of by a majority of 
the Society. I think the appointment of committees a very desir- 
able means of carrying out discussions of this kind. They have 
the opportunity to discuss a subject much more fully than we have 
here in open meeting, and they will generally be men experienced 
in the particular matter at issue; in fact, we all know that the 
time which can be given to these discussions in open meeting is 
much too short properly to exhaust the subjects. 

I hope the understanding in appointing committees will be that 
such action will lead to a better and more thorough discussion of 
a subject brought before the Society ; that a committee should not 
feel aggrieved if not indorsed by the Society. I think it is wrong 
to look at it in that light. It appears to me that the work of our 
committees should be very much like that of Congressional com- 
mittees; they can more deliberately and thoroughly exhaust a 
subject than can be done in open meeting. 

|The motion to appoint the proposed committee was then put 
and lost. | 
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CCLXIX. 


ON THE DIVERGENCIES IN FLANGE DIAMETERS OF 
PUMPS, VALVES, &c., OF DIFFERENT MAKERS. 


BY PERCY A. SANGUINETTI, PHILADELPHIA, PA 


(Member of the Sogiety.) 


Tue object of this paper is to call the attention of the Society to 
the divergencies existing in the flange diameters of globe and 
gate valves of different makers, as well as incidentally to touch 
upon similar characteristics in the flanges of pumps, steam engines 
and cast iron pipes. The object primarily sought is the taking of 
such action by the Society as will result in the adoption of a uni- 
form standard by the manufacturers. 

In order to show at a glance the divergencies which are referred 
to, atable has been prepared in which the figures were compiled 
by myself from printed catalogues issued by the manufacturers, ex- 
cept in one instance where the information was obtained for me. 
A few dimensions have been alsu added, taken from drawings of 
pumps in which divergencies occur. The table might have been 
more voluminous, had I cared to communicate with other makers 
than those quoted, but I feared that a consultation with them be- 
forehand might have precipitated a discussion prejudicial to the 
interests of the Society ; so that the list was prepared only from 
data within immediate reach. I think enough has been given, 
however, to establish the fact that divergencies exist. 

These differences are so slight that very little effort on the part 
of the Society should be necessary to prevail upon the manufactur- 
ers to agree upon the adoption of a uniform standard. The advan- 
tages which would arise from such agreement to the users of their 
products are no doubt too well known to call for any decided ad- 
vocacy here ; it will suftice if I illustrate one or two cases where a 
want of uniformity would occasion trouble and unnecessary ex- 
pense. In designing a large pumping plant, the suction and dis- 
charge flanges of the pumps selected would under present condi- 
tions govern the diameters of all other flanges, as being the most 
important in the matter of size and expense of pattern making. 
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After receiving the drawings from the pump men, catalogues must 
be consulted to see if the flanges of gates, checks, regulating valves 
and pipes will agree ; and if they don’t, which is almost a foregone 
conclusion, steps must be taken to make them agree. Then if the 
valves which we want to use require flanges larger or smaller than 
the catalogue dimensions, we could not take them from the maker’s 
stock, but must have them made specially, not only occasioning 
delay provided the pumps were ready, but if larger, with the chance; 
sometimes amounting to certainty, of having the following items in 
the bill: “ To extra pattern work, so much;” “to material for 
same, so much ;” “to extra facing of flanges, so much.” This is 
reasonable and business-like under existing circumstances, and [ 
don’t think there is an establishment, either private or municipal, 
which would object to pay for these extra charges ; not so much for 
uniformity of appearance, perhaps, though this is in itself a source 
of gratification, but in many cases to save the expense of shrinking 
wrought-iron bands over the smaller flanges on account of the bolt 
holes in the flanges to which they may be joined having been drilled 
too near the edge. This is often resorted to where changes are made, 
either in the substitution of one kind of valve for another, or in a 
transposition of the pipe system, On some occasions, when time 
allows, new pieces of pipe with flanges of different diameters at 
each end are ordered, all of which need not be necessary, and is 
due to the want of a uniform and universal standard, 

I think the pump and valve makers, and perhaps the engine 
builders (as the latter usually furnish their own stop valves), could 
together control the working of a uniform standard, as the flange 
diameters of these articles, so to speak, are governed by somewhat 
similar conditions, namely, the thickness of metal contiguous to 
the inlet and outlet orifices, which have to conform pretty nearly 
to the thickness of main body on account of unequal contraction, 
This being conceded to be of sufticient importance to give them 
the lead, it would bea trifling matter to influence the manufac- 
turers of pipes, as they are so often entrusted with orders embrae- 
ing every range of flange diameters that they weuld, I am con- 
vinced, be very glad to know that their patterns were to be un- 
changed in this particular. Even in the matter of bolt circles the 
start is given by the pump men, who invariably ship their goods 
with studs screwed in the flanges, or holes for bolts ready drilled 
or tapped. 

In ordering pipes with flanges to fit those of pumps or valves, 
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what at first looks like a serious difficulty presents itself ; for while 
the thickness of valves of good makers agrees closely with that of 
pumps, it often happens that pipes are wanted of varying thick- 
nesses, to suit different pressures and kinds of service ; so that in 
a thin pipe an unnecessary excess of flange diameter would seem 
like bad practice. But the variations in thickness of pipes in or- 
dinary use are so slight, being not more than from }“ to $“ in pipes 
of the same internal diameter, that a large fillet or thickening rim 
fills up any lost space between the outside of pipe and bolt circle ; 
and this is of importance, too, in other respects, as in cases which 
have come under my notice of the bursting of pipes, the fractures 
have invariably been at the junction of flanges with the body, 
which is a good reason in itself for the adoption of generous fillets. 

It is not the purpose of this paper to go into the question of 
bolt circles, or number and sizes of bolts, not because 1 do not con- 
sider these important branches, but the subject is one involving an 
inquiry into the strength of material and the relative proportion of 
parts—an inquiry of so much interest that I did not wish to limit 
it to a necessarily condensed notice here. Besides, until ofticial 
action has been taken by this Society, we must be content to adopt 
the proportions given by the .pump makers, or else have two or 
more pitch circles of bolts in the pipe system, which means two or 
more templates, and the uncertainty afterward as to which was 
applied at a particular point. As to the correctness of any one sys- 
tem of flange diameter or of bolt circle, 1 do not wish now to as- 
sume the responsibility of determining ; it appears to have been 
done in England by Box, whose proportions are given in the table. 
He says in his Jittle work on hydraulics that they are the best pro- 
portions, an assumption that we might readily tolerate from such 
a distinguished and careful writer; but even he is forced to admit 
that they differ from those adopted by many makers, 

In these busy times, whatever saves unnecessary thought is of 
value, and it would, I think, add something to our convenience and 
saving of expense if we could order our pumps, valves, checks and 
pipes, and for that matter our steam engines and governors—all 
necessarily from different makers—with a certainty that their 
flanges of similar outlets will at least correspond in diameter. If 
we are once assured of that, an important advance will have been 
made, and will greatly pave the way to the establishment of uni- 
formity in the diameter of bolt circles and in the number and sizes 
of bolts. 
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TABLE L—NAMES OF MANUFACTURERS . VALVES. 


FLANGE DIAMETERS IN INCHES. 


Box (En- 


Jenkins’ Gates 


- 


PUMP MANUFACTURERS. 


Size of outlets. 


“Se pers Knowles. Guild & Garrison 


Flange diameter 10’ Flange diameter 11” 
11” and 12 
134" 


DISCUSSION. 


Mr. W. O. Webber —I have had in mind for some time the 
broaching of this subject, which Mr. Sanguinetti has so ably intro- 
duced, and I think that the question of bolt circles, number and 
diameter of bolts should be also considered at the same time. In 
our centrifugal pump work, after looking over all the valve and 
pipe makers’ standards, we adopted for flange diameters those 
used by the Chapman Valve Co., and for diameter of bolt circles, 


| 
| 
8 7 | 7 7 64 
4 9 9 | 9 10 9 9 9 9 8 
5 11 10 10 11 10 10) 10 10 94 
6 12 11 11 12 11 11 11 11 104 
7 12 13 13 12 12 12 12 
~ 14 13 14 14 13 133 13 13 134 
| 10 16 16 16 16 16 16 16 16 16 
12 Is 19 19 18 19 18 18 1s} 
7 14 20 21 22 21 
16 233 23 24 2334 23 
18 25 26 25 
20 27 27 28) 27 
24 31 
30 
56 
8 
16 | 
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number and size of bolts, we copied from the National Tube Works 
as nearly as possible. 

To illustrate the divergence in flange diameters, a prominent 
manufacturer in Boston has to carry the following range differing 
by half inches: 


Size of Pipe Flanges from 


4 D. 
4 "to 8’ 0. D. 
1 4” to 9” D. 
14 4" to 16 D. 
14 44° to 
5 "toll ” O. D. 
24 54° to 12 "0. 


3 tol14 O. D. 
63 to 14 O. D. 
+ to 14 O. D. 
6 94’ to 14 
8 13 "10:16." 


and the styles of drilling vary nearly as much. 

If there was some uniform standard, we could send our pumps 
as we do from Maine to California, Montreal to Chili, and be sure 
that our pumps, strainers, foot and flap valves all would fit and 
come out right; as it is now, it is a constant source of annoyance 
and worry to have to look out for these differences, where the 
pipe, as it almost always is, is supplied by different parties from 
those supplying the pumps and valves. 

I would therefore submit a motion that the president of this 
Society appoint a special committee to investigate thoroughly this 
subject and report, together with recommendations for a standard 
diameter of pipe, pump and valve flanges, diameter of circle of 
bolts, number and size of bolts, to be used for the different classes 
of light, medium, and heavy service, to be adopted and recom- 
mended as the A. 8S. M. E. standards. 

Mr. F. W. Taylor.—1 would suggest that before it is decided 
to adopt any one standard series of dimensions for flanges, either 
in thickness, or diameter, or for bolt circles, it is first necessary to 
adopt a common standard of packing to be used in the joints, 
since if you use a packing which consists of a narrow ring of rub- 
ber or metal which comes close to the inside diameter of the cylin- 
der, or pipe, on the end of which you propose to make a joint— 
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that is if you use a ring of packing which is entirely inside of the 
bolt circle—it is necessary to have a very much thicker flange 
than if you use a packing which covers the flange entirely. There- 
fore, the thickness of the flange would be dependent upon the 
width of the joints which you are going to make between the two 
parts which you wish to connect. 

Then again the diameter of the bolt circle will depend upon the 
manner in which the flange is fastened to the pipe—that is, 
whether it is riveted or screwed to the pipe, or cast solid on it. 

Therefore, I cannot see that it is possible to establish a uniform 
standard for the dimensions of flanges, unless a uniform method 
of packing the joint and a uniform method of attaching the flange 
to the pipe be adopted, which I think it would be very difficult 
to do. 

My. I. 2. Towne—A good many years ago, having constantly 
considerable pipe work to plan, I had occasion to consider this 
question, and taking the average practice as I found it at that 
time, I put it into this set of formule below. The diagram (Fig. 
80) and the formule under it are figures used for brass flanges for 
copper pipe in ship work, the range of sizes being from pipe of 1} 
inches to 12 inches diameter, the same flange, practically, being 
used, with a little difference in the bore of the center and in the 
rounding of the corners, whether the flange is loose and simply 
backs up the flange turned on the pipe to form the joint, or 
whether the brass flange is brazed to the copper pipe in order to 
make the joint. The other figure (Fig. 81) represents cast iron 
flanges used on ordinary gas and steam pipe. I have no doubt but 
what these figures can be improved upon after further considera- 
tion of the subject ; but I know, from considerable experience in 
the use of them, that they are approximately right and can be 
used safely, and that having a formula of this kind saves consider- 
able trouble and time in planning fittings. 

A 4 


D 
Fig. 80 


4 = Diameter of pipe. 


All dimensions in inches. 


4 
4 
A=1214a + 3 
D=1.14 A + 1.62 | 
A + 16.42 
4 C= | 


130 DIVERGENCIES IN FLANGE DIAMETERS OF DIFFERENT MAKERS. 


Cast iron flanges for wrought iron pipe : 


Diameter of pipe. 


= L5 } 
= 1.262 a | 
097 A - | 
1.38 A | 
16 A+ J 


- All dimensions in inches. 


Mr. W. B. Le Van.—The proposer of this resolution forgets 
that every pump maker, when he sends out his pump, adopts 
such form and size as-will conform to his style of pump. And 
again the maker also has an eye to business in regard to future 
wants, and expects to furnish any duplicates which may be 
ranted. 

Mr, L. G. Engel—There is one point which seems to have 
been lost sight of, and that is that we have to deal not only with 
cast-iron pipe but with copper and other pipe. If we adopt a 
standard flange for pipe, we must necessarily adopt a standard 
flange for each kind of pipe, because no one would put the same 
kind of flange on a very thin copper pipe which he would put on 
a cast-iron pipe. 

In regard to light, medium, and heavy pressures as affecting bolt 
arrangements, I would remind those present of the fact that in 
every large establishment T’s are used indiscriminately for water 
and steam. That is, they usually adopt some standard T. For 
instance, if we take an ordinary six-inch cast-iron T with a twelve- 
inch flange and adopt six holes, which would be plenty for all 
ordinary purposes where water is concerned, we might find that 
the six holes were not sufficient for steam pressure, although the 
steam pressure might not exceed the actual water pressure. If 
we double the number of holes for the 'T for steam purposes, as 
the only way in which it can remain interchangeable with the 
six-hole T, in case they may be subsequently used together on 
the same line of pipe, we get so many holes that it is difficult to 
screw up the bolts. Then the divergence that Mr. Webber has 


Fig. 81 
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spoken about in flanges is no doubt due in some degree to the 
fact that many people join iron pipes to copper pipes, and join 
large pipes to small pipes, and in that way it is necessary to carry 
in stock such a divergence in diameters. 

Mr. A, H. Raynal.—There certainly is a great convenience in 
having a standard for diameter of pipe flanges and the number 
and position of bolt holes, even while there may be occasion at 
times to deviate from it for special purposes. I have for years 
worked to such a standard, and find it perfectly applicable in 
the ordinary routine practice of shops doing a variety of pipe 
work, 

In giving out the detail orders for a complicated line of cast- 
iron pipe—for instance, with elbows and tees, leading off in dif- 
ferent planes—TI found it very convenient to mark on the order 
for each piece how its flange should be drilled. I would mark at 
each flange “ W. 8S.” or “A. S.,” meaning thereby that the line 
passing through two opposite bolt holes should lie either against 
or with the seam of the pipe, and that would determine absolutely 
the proper drilling. The foremen would readily learn and appre- 
ciate the system. 

There is no necessity for manufacturers of pumps and valves 
to vary largely from each other in the dimensions of their flanges. 
[am very much in favor of having this Society propose such a 
standard, and although we were unlucky in this respect on a 
previous occasion, would second the motion that a commit- 
tee be appointed this evening to investigate the subject and 
propose at our next meeting a standard for the diameter, num- 
ber and position of bolts in flanges for cast and wrought iron 
pipe. 

Mr. Wm. Nent.—I rise just because I partly opposed the ap- 
pointment of the last committee, to say that I am in favor of the 
appointment of this one. I think that the objection raised by 
Mr. Le Van to the standardizing of flanges held as well with 
the Whitworth threads in England and the Sellers thread in 
this country; namely, that the manufacturers did not want to 
adopt the standard thread because they wished to furnish the 
repairs. But in spite of the opposition, which was a strong one, 
standard threads have come into use, and standards for pipe 
threads have also come into use, thanks to the report of our So- 
ciety’s committee on pipe threads a year ago. 

Mr. W. I. Mattes.—I fully agree with the proposition to have 
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this committee appointed, and T agree with it on the basis of my 
own experience. In the operation of a drafting room for a 
large manufacturing concern, where a good deal of pipe and a 
great many flanges have to be turned out, it saves answering a 
great many questions to have a standard to work to. Now it is 
impossible to have a standard which shall never be deviated from 
in such work as this; but in the vast majority of cases we can 
work to a standard. I had quite a difficult task in trying to 
adopt a standard to works which for more than forty years never 
had one. We had a great variety of pipe made according to the 
pattern maker’s notions at the time, and we had to {it to them as 
best we could, and at the same time take counsel of the different 
valve makers’ catalogues, and differ from them as little as possi- 
ble. But we took a happy medium ; we corrected such errors us 
we could, and the result, for four or five years, has been very 
satisfactory, and I know that my standard has had the effect of 
modifying slightly the standard of one of our prominent valve 
manufacturers. I think it is an easy matter for us to get some 
leading points on this subject, particularly in the matter of cast- 
iron pipes, where the flanges are cast on solidly, and that it will 
save us all a great deal of trouble in the long run. 

Mr. LE. F.C. Davis.—About fourteen years ago, in the shop 
with which I was connected in the mining regions, where we 
dealt very largely in pipes and connections of various kinds, we 
found it necessary to adopt a standard of pipe flanges. We sim- 
ply took our thicknesses of cast-iron pipe and adopted a flange 
which would take a reasonable size of bolts for ordinary work, 
and we laid out that as a standard, and we have stuck to it ever 
since. Our works have become considerably larger since then, 
and we have had the opportunity of spreading this system over 
quite a large territory in our part of the country, and we have all 
found that the adoption of the system has saved an immense 
amount of trouble and inconvenience and waste of material. | 
think that the members will find that any steps in that direction 
will pay for themselves very handsomely, judging from our ex- 
perience in the matter. We found that we could work in our 
standard in almost all cases. I would like very much to see the 
committee appointed. 


[The motion as to the appointment of a committee of the Soci- 
ety on standards for pipe flanges was then put and carried, and 
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the committee was appointed, as appears on page 17 of this 
volume. | 


Mr. P. A. Sanguinetti (closing debate.)\—With regard to the 
remark that the pump makers want to sell their pumps, I would 
say that we would ask them to be content with the profit which 
they would make on the pump itself, and not with regard to what 
may be attached to it. I find these divergencies so slight, that if 
we, as a neutral body, were to approach them they would very 
likely fall in with our recommendation. In fact, if the members 
would read the remarks in the first paragraph of my paper, they 
would notice that I was very careful in what [ said. “The object 
primarily set forth is the taking of such action by the Society as 
will result in the adoption of a uniform standard by the manu- 
facturers. We cannot select a standard which will influence the 
manufacturers, but we may ask them—and I hope we shall ask 
them with some emphasis—to modify existing standards and con- 
form toa universal one. I assure the members that it is a matter 
of very great importance. I have had this trouble under my 
notice for eight or ten years now, and I think the time is ripe for 
some reform. We will suppose that we are working to connect 
up the flange of a large pump to the line of a discharge pipe. We 
want toattach a check valve to it. We order a check valve from 
some miker who makes them. If we are pressed for time we 
have to get them from his stock. If not, we order them with a 
flange specially designed to suit us. Suppose we are pressed for 


time—-in nine cases out of ten we are and of course the flange 
of the check neatly overlaps the flange of the pump. Now, you 
want a stop valve beyond the check. You get a stop valve from 
some other maker. You use his standard of flange. You get a 
flange which ijits the check-valve flange as much too much the 
other way. We won't say anything about the pipe men, because 
they would probably make their flange diameters as we order 


them. But there is a case where you may have from three makers 
three different diameters ; and in many cases where the bolt holes 
have to be drilled so near the outer diameter of a large flange, 
we have had to shrink wrought-iron bands to strengthen the 
metal at the edge in order to get sufficient material on the out- 
side. 

Take another case which has been raised by one of the gentle- 
men. In many cases we want to attach a copper pipe to a gate- 
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valve flange. A copper pipe is usually made, as Mr. Towne ex- 
pressed it, with a flange turned up at the end. Now we want a 
wrought or cast iron flange which will bind the pipe to the valve. 
We have to make both the same size. We cannot help ourselves, 
because the head of our bolts comes pretty close to the fillet of the 
flange of the valve, and we are compelled to make our pipe 
flange the same size as that of the valve for the sake of the 
bolt holes. This thing happens right along. 
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STEEL CAR AXLES. 


BY JOHN COFFIN, 


JOHNSTOWN, PA. 


(Member of the Society.) 


Tue adoption of steel axles has been looked at too closely from 
the point of first cost. The car and railroad companies have tried 
to get axles which meet their specified requirements as cheaply as 
possible, and the manufacturers in their turn have aimed to meet 
these requirements as cheaply as possible, with no concern whatever 
about the life of the axles after the railroad or car companies had 
once accepted them. The manufacturer, in this as in other lines of 
business, should not be content with making his work good enough 
to fill the specified requirements, but should look to future reputa- 
tion. Ile should judge what constitutes good work, and if he thinks 
in filling a given specification he is making a poor quality of work, 
he should refuse to work under it. In all cases where steel has been 
used in the arts, the maker and user have had to co-operate to es- 
tablish the right quality, and the problem has generally been solved 
by the maker, the standard of quality of the product being main- 
tained by tests made under the supervision of the buyer. 

It is generally admitted that open-hearth steel is a better material 
for axles than Bessemer metal, because it is more uniform and 
has more ductility for a given elastic limit and ultimate strength. 
The chemical qualities and particular mode of manufacture are 
best determined by the steel maker, and he who gives the most 
care and study to this part of the business will have the greatest 
reward, 

The ingot should be of sufficient size to insure a thorough work- 
ing of the metal in blooming. As this paper discusses more es- 
pecially the treatment of axles after they have been forged, the 
theory will be reviewed in brief on which the treatment is based. 

Carbon exists in steel in two principal states, hardening and non- 
hardening. These terms are chosen because they do not conflict 
with any advocated theory of carbon. Hardening carbon is that 
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form of carbon found in steel which has been hardened, 7.c., heated 
to a high red heat and quenched in water. Non-hardening carbon 
is that form of carbon found in steel which has been heated to a 
red heat and slowly cooled. 

If steel be heated to a certain temperature, W, nearly all its ear- 
bon changes to hardening carbon, and the change is quite sudden. 
If the steel be cooled slowly from the temperature W, the carbon 
remains in the hardening state until a somewhat lower temperature, 
V, is reached, when it begins to change to non-hardening carbon. 
This change is somewhat slow, so that if the steel be suddenly 
cooled in water, there is not time for the change to take place, and 
the result is hardened steel. There isa certain chemical force in 
the change of carbon which causes a breaking up of the crystals, 
when the change is from non-hardening to hardening. 

The above is the theory of Brinell, ably expounded by him in an 
article inthe first number of Jern Kountoret’s Anna/en for 1885, 
also translated in Stahl und Hisen, Nov., 1885, and again in “U.S. 
Ordnance Construction,’ Note 37. The writer reviewed this theory 
more fully, and gave some corrohoratory facts, in a discussion of 
Mr. Metcalf’s paper before the American Society of Civil Engi- 
neers, April, 1887. 


Further observations which have been made, bearing directly on 
this subject, are : 


Ist. The chemical energy of the change of carbon is commensu- 
rate with the amount of carbon present. 

2d. The work to be done in breaking up the erystals is commen- 
surate with their size, and is somewhat modified by the character 
of the erystallization. These statements would seem to be axiom- 
atic, yet as each step in our path of reasoning should be lighted 
and confirmed by experiment, the facts should be given which con- 
firm them. A steel bar containing .50 per cent. carbon was heated 
to a high temperature and cooled. Its fracture then was coarsely 
crystalline. It was then heated to temperature W (which is the 
refining temperature spoken of by Mr. Metcalf) and cooled in 
water. Its fracture was almost amorphous, no crystal forms being 
visible by the naked eve. A bar of steel of .20 per cent. carbon was 
then treated in the same manner throughout; the result was a frae- 
ture, fine in places but in general presenting outlines of the crystal 
forms of the size of the original crystals. Heating this bar again to 
temperature W and cooling in water, the fracture was as fine as in 
the first case, the reason of this being that in the second treatment 
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it had exactly the same amount of carbon energy to act on aless 
stubborn structure. 

3d, While the carbon is changing to its non-hardening state, ¢ 
force is exerted which has a tendency to break up crystallization. Its 
observed effect is to cause a darker colored fracture, owing to the 
erystal faces being dull, each face having small particles adhering 
to it, rent from the face of its neighbor, showing that there must 
have been an interchange or an interlocking of molecules, render- 
ing the cohesion between the faces very great. As there are as 
many striking phenomena manifested in the change of hardening 
carbon to non-hardening, as in the change from non-hardening to 
hardening (among them being the reheating, re-expansion and 
temporary weakening), it would seem that there was as much force 
exerted tending to break up erystallization as when the change is 
the other way, and the probable cause of its not doing so as come 
pletely, is that more resistance to destruction is offered by the colder 
crystal. 

While steel is cooling, the carbon begins to change to the non- 
hardening state at a dark red heat, and it would appear from the 
phenomenon of water-annealing that it had nearly all changed be- 
fore the steel ceased to show red in the dark; on the other hand, 
if a piece of steel be hardened and then heated, its carbon begins 
to change its state at quite a low heat (some change having taken 
place at a faint straw color), and when a heat is reached which shows 
red in the dark, perhaps the greater portion of it hus changed. So 
it will appear that the greater amount of carbon may change to 
non-hardening carbon at two widely differing temperatures ; and if 
advantage is to be taken of this change to assist in breaking up 
erystallization, and if the previously stated surmise be correct, that 
the colder crystal is more stubborn, it would follow that the best 
way to utilize this change would be at its higher temperature. 

4th. If steel be cooled very slowly from a molten state, cubical 
crystals are formed, with little cohesion between their faces, each 
crystal in itself appearing amorphous; but in an ordinarily cooled 
steel ingot, it is very difficult to observe any well-formed crystals, 
the irregular plane surfaces appearing more like cleavage planes 
than like faces of erystals. What appeared to be well-formed 
prisms have been taken out, with dull faces, but on breaking them 
they were found to be composed of innumerable smaller erystals, 
or, it may be, interspersed with irregular cleavage planes running 
in all directions. The tendency may be toward true crystallization, 
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and as far as can be judged, the smaller crystals may be perfect, 
but many of the so-called large crystals are composed of smaller 
ones with coincident faces, and there seems also to be a tendency to 
separation between some of the faces. What kind of material (if 
any) lies between the faces, I donot know ; but if they are separated 
by a material distinet from the body of the crystal, there seems to 
be a fight for this material. Be that as it may, the relation between 
different crystals and different faces of the same crystals, seems to be 
different, for as the cooling progresses to the point where the ear- 
bon changes to non-hardening carbon, the effect will be to make 
only some of the faces dull, the others remaining bright. The 
amount of carbon present determines the color of the fracture by 
this action. 

5th. All erystallization takes place above the temperature V, for 
if a piece of steel in which its carbon is in the non-hardening state 
be heated to temperature V and cooled in any manner, and any 
number of times, no change will be observed. The exception 
should be made, however, of that structure which takes place where 
a moderate heat is maintained for a long period of time extending 
into weeks or months. 

6th. If steel be heated toa temperature above W, its crystallization 
is in the most part determined by the temperature, and occurs 
while heating, not because there is no tendency to crystallization 
while cooiing, but at temperatures below a white heat, there 
appears to be a maximum crystalization for each temperature. This 
has some exceptions. 

7th. Ata white heat, steel becomes nearly, if not quite, amor- 
phons ; if cooled quickly from this heat, the crystals are fine, for, 
be it remembered, it takes time for all crystals to form, They be- 
come larger as the cooling is slower, up to a maximum size, after 
which the further effects seems to be to change the relative 
cohesion between. different faces, causing cleavage surfaces; the 
exception to this being where the steel is heated to a very high 
white heat and allowed to cool very slowly through a period extend- 
ing over weeks. 

8th. If steel, with a sufficient amount of carbon, be heated to 
temperature W, and, becoming amorphous thereby, be then cooled, a 
certain amount of crystallization takes place while it is cooling to 
V. The slower the cooling the larger the crystals up toa maximum 
size; the further effect of slow cooling, as in the case just cited, 
being to change the relation between the crystal faces, This is 
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illustrated by cooling a piece just quickly enongh from W to V to 
attain the maximum size of crystals, and then further slowly 
cooling it. The erystal faces will interchange molecules during the 
change of carbon to non-hardening state, go that all faces will be dull. 

Again, cool a piece from the same temperature very slowly 
throughout, and some of the faces will be bright, showing that 
there must have been a different condition existing between these 
faces before the change of carbon commenced. 

It was said above that the further effect of slow cooling after the 
maximum size of crystals was reached, was to change the relation 
between the erystal faces. While this is believed to be true in 
the main, it would seem that this changed relation commences be- 
fore the maximum size crystal is reached. This conclusion has 
been reached not from direct reasoning from any one fact, but from 
the circumstantial evidence of many observations, any one of 
which might have had a different interpretation. 

9th. If a small bar of axle steel be heated to temperature W and 
cooled rapidly as possible in water to temperature V, and then al- 
lowed to cool slowly until cold, it will give a perfectly amorphous 
fracture ; no erystal nor crystal form will be visible under the 
most powerful glass. It will be very tough and ductile, and have 
avery high elastic limit. This result is not entirely attainable 
in an axle, because it is impossible to cool it as rapidly as a small 
bar; but it can be approached, and the more closely the better the 
product will be. 

The Company with which I am connected has adopted the pro- 
cess of treating its axles as follows: After forging, they are cooled 
completely, so that the carbon will be in the non-hardening state ; 
they are then heated until the temperature is reached at which the 
carbon changes to its hardening state, the time of so heating them 
being a little over an hour; the result of this change of carbon 
being to break up the crystallization completely, and put the steel 
in an amorphous state. They are then cooled as rapidly as possible 
to a temperature somewhat below VY, and the subsequent cooling is 
done in the open air. 

The apparatus consists of a furnace which will hold about twelve 
axles, with a charging door on one side and a drawing door on the 
other. Every time an axie is drawn, all those in the furnace are 
rolled forward and a cold one charged at the rear. In front of the 
furnace is a long bosh filled with water and provided with a snb- 


merged jet pipe, over which is suspended a cradle provided with 
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driven friction wheels; the axle is rolled out of the furnace onto these 
wheels, the friction of the wheels setting the axle in rapid rotation. 
The cradle is then lowered below the surtace of the water, while at 
the same time a valve is automatically opened in the water-supply 
pipe to allow the powerful submerged jets to play on the revolving 
axle. In a few seconds the cradle is raised, carrying with it the 
revolving axle above the surface of the water. The axle is then 
picked up by a little jib crane and deposited on the cooling bed. 
There is still enough heat remaining in the interior to bring its 
whole mass to a dark red heat in the dusk, When it is put on the 
cooling bed, advantage is taken of a wonderful preperty of steel 
which has been heretofore explained by the writer, that when its car- 
bon is changing its state a steel bar is very weak and most easily bent. 
As the axles are delivered on the hot bed, most of the carbon is in 
the hardening state, for though the temperature is low enough, there 
has not been time enough fora change. The bed is constructed of 
“T” beams, bolted rigidly together to conform nearly to the shape 
of the axle, but with the central part of the bed a little low. The 
axle is rolled on this bed, and the bends, if any, are detected, when, 
pressure being brought to bear on the high part by a simple land 
lever, the axle is easily straightened. If one of these axles, after 
it is cold and its carbon is in the non-hardening state, be reheated 
to the same temperature at which it was previously straightened, it 
is found impossible to bend it with the same pressure, because 
there is no change of carbon. 

In the Zron and Steel Institute Journal, 1879, is a paper by Mr. 
Thomas Wrightson, in which he shows that by repeatedly heating 


a bar of wrought iron, and cooling it in water, it continually 
shortened, and its specifie gravity was continually decreased until, 
after fifty heatings and coolings, it had changed 1.02 per cent. 
Prof. G. G. Stokes, F. R.S., advanced the theory for this 
phenomenon which has been universally accepted, that in the first 


stages of cooling, the shrinkage of the crust over a center whose 
body only slightly changed bronght about a condition in which a 
smaller surface amount of crust had to hold the same amount of 
material, and it merely put itself into the best shape to do so, 
shrinking in length and enlarging in diameter; and that when 
the center began to contract, the outside, being cold and rigid, 
resisted its contraction and held it somewhat in permanent expan- 
sion. 

It is to be regretted that we have no data from similar experi- 
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ments on steel, for it might be that the existence of slag or other 
foreign matter made such a behavior possible. I call attention to 
this paper and the theory of Prof. Stokes merely to show that it 
has no bearing on the axle treatment described, for while in the 
first stage of cooling, the result may be the same; the axle may 
get a little shorter and a little larger; but in the second stage of 
cooling, the outside and center come to nearly the same tempera- 
ture long before the greatest amount of contraction occurs, and at 
no time is the outside erust rigid enough to much resist contraction 
of the interior. Axles as they come froin the forge are irregular, 
Different axtes and different parts of the same axle are forged at 
different temperatures, and must of necessity be so, where the form 
is the principal point of attention of the forger. The parts forged 
below temperature W have a fine structure, while the parts forged 
at a hixher temperature have a coarser structure with bright cleav- 
age sul faces; this bad structure being worse as the heat is greater. 
I do not wish to be understood as thinking that a fine structure 
attained by forging at atemperature below W is desirable, for it is 
somewhat to be avoided as producing uncertain results, especially 
in hammered work. On the contrary, it is a dangerous plan to 
forge below temperature W, and if forged at temperature W the 
bad effect of slow cooling to V is net. Therefore, | cannot see 
how an axle can be forged so as to leave it in the best structural 
condition. If every part could be forged at exactly temperature W, 
however, the best results would be obtained. The subsequent 
treatinent described corrects bad structure due to forging, the 
result being a, uniform produet, for the men become skilled in 
judging the correct temperatures, and their only object of work is 
the production of the best structural condition. This process 
Was put in operation on December 15, 1886. Very soon after 
this a series of tensile tests were made, the report of tests be- 
ing signed January 12, 1887. It is supposed the axles from 
which the tests were taken were treated within two weeks after 
the process was put in operation. Six axles were tested, two 
test pieces being cut from each one. Tests marked “O” were 
cut as near the outside as possible; tests marked “S” were 
taken so that the axis of the test piece fell midway between the 
outside and center; all tests were cut from the wheel seats, 
which were 5} diameter; the test piece being 8” long between 
fillets and §” diameter. The following is the result : 
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Elastic | Ultimate Elongatior Reduction 

Mark. | Limit. | Stre ng th . in 5. aches. of Area, 
| 42,710 | 85,180 20.0 | 88.5 
| 42370 | 88,120 3.7 16.5 

| 

LOR | 44,990 92,320 | 16.9 | 33.2 
EE 46,940 95,600 16.4 28.7 
43,689 | 89640 | 14.5 23.7 
43,030 | 86,600 20.0 42.0 
44,000 87,860 14.0 27.0 
40,100 86,510 16.5 38.5 
“ee 39,120 80,900 18.0 35.5 
40.260 88,740 16.0 28.1 
40,750 88,680 13.7 21.7 


These results are given to show generally the high elastic limit 
of steel subjected to this process, without loss of elongation. It 
must be remembered that the tests were made when the process 
was first started, and before the men had acquired the skill which 
they now possess; and that they have acquired more skill and do 
better and more uniform work is proven by the better results 
attained by the drop test. It is to be regretted that we have not 
made recently a regular series of tensile tests like the above; the 
single tests which we have made from time to time showing better 
than the above, but are not quite comparable, being made on 
P. KR. R. Standard Test Piece. 

Particular attention should be called to tests recently made from 
an axle; the axle was cut in two, one-half of it alone being 
toughened. Tensile test pieces were cut from each half, 4 inches 
between fillets, .505’ diameter. The following is the result of tests : 


Elastic Ultimate Elongation Reduction 
| Limit. Strength. in 4 inches. | of Area, 
Untoughened| 30,000 | 71.520 24.5 | 51.5 
Toughened..| 44,000 | 72,020 24.07 57.2 


| 


As these tests were part of a fatigue experiment, transverse tests 
were also made with proportionate results. The tests are remark- 
able as showing the same properties throughout, except elastic 
limit; the toughened piece being 46.6 per cent higher than the 
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other in this respect. As great as this percentage is, it is not 
enough to measure the superiority of the toughened piece of steel. 
The untoughened piece was coarse crystalline, with bright cleavage 
surfaces, and had that structure which breaks very easily on sudden 
shock, while the toughened piece would not break under a blow of 
any character until it had been distorted enough to account for 
breakage from the data of the tensile test. The above statement 
is one hard to substantiate by actual experiment on any apparatus 
now used for testing, but I am convinced, from what I have 
observed, that it is true. Some evidence corroborative of this will 
follow. While the result of these tests are fresh in your minds, I 
wish to point out the manifest absurdity of estimating the qualities 
of axle steel from the ultimate strength and elongation. 

These properties seem to be in a great measure independent of 
the structural arrangement. Axle steel being a ductile material, 
some considerable elongation will always occur, and the effect of 
this seems to be to elongate the crystals and increase their cohesion, 
so that after the elastic limit is passed, the further properties seem 
to be the same. It is an erroneous supposition that a quick, sharp 
blow develops crystals, based on the observation that a piece of iron 
will sometimes show a crystalline structure when broken by a quick 
blow, and be fibrous under a different breaking blow. The crystals 
or cleavage planes exist prior to the blow; a quick blow will break 
them apart, but the slow blow will not. This is proven by etching. 
A steel axle may break from a blow received in throwing it off a 
car, and yet test pieces cut from the broken ends give an ultimate 
strength and elongation above that required by our great railroads. 
Is it a wonder then that such steel is thought to be a treacherous 
material? As the comparative elastic limit is the best indication 
of a good structural arrangement, and is the property on which all 
load caleulations should be based, more satisfactory results can be 
obtained by incorporating the elastic limit in the specifications. A 
suggested specification for axles, based on the tensile test, is as fol- 
lows, viz.: Cut the tests as P. R. R. does, $ inches diameter, 2” be- 
tween fillets midway from outside to center of axle, half in journal 
and half in dust guard bearing. The elastic limit should be high 
enough to insure a good structure, but not out of the easy reach of 
the careful manufacturer: say 35,000 lbs. Do not specify the 
ultimate, but put the elongation at fifteen per cent. These would 
be lower limits, but one of these properties should be higher than 


this, as 35,000 lbs. elastic limit and fifteen per cent. elongation in a 
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two-inch specimen might be obtained in a quite inferior quality of 
steel. To insure the general quality of the steel being good, require 
that the elastic limit in pounds multiplied by the elongation in per 
cent. should exceed 700,000. The result of the test would then 
have to be above one of the following sets: 


ELASTIC LIMIT. PER. CENT OF ELONGATION. 
35,000 20.00 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
42,000 
44,000 
45,000 
46,000 


The manufacturer to furnish 101 axles for every 100 ordered, 
one axle being a test axle. If the first test fail, another test to be 
cut from the same axle or from another at the option of the buyer ; 
if the second test fail, the 100 axles to be rejected. If tests are 
cut from two axles, only 99 to be paid for in case of acceptance. 

A substitute test is suggested, for it would be a hardship to the 
manufacturer to work under such high specifications where a single 
test might fail from no fault of quality of material: for be it 
remembered, a shoulder in the forging falls midway in the test. 

In proposing the above test, it is not recommended as superior to 
the drop test, for a good drop test is the best measure of the quality 
of an axle. The weight and fall of the drop can be arranged so as 
to bring out all the weak points of an axle. The P. R. R. require- 
ments on steel axles, 43” diameter at center, are five blows at twenty- 
five feet of a 1,640 pound weight, striking midway between sup- 
ports three fect apart, axle to be turned over after each blow. 

When the toughening process was adopted at the Cambria 
works, a series of continued tests were commenced which consisted 
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in striking the test axle forty-five additional blows, making a total 
of fifty blows, cooling the axle cold with water between each six 
blows, with the following results: Only three axles in all have 
failed under the inspection test, all of these being toughened dur- 
ing the first month of working the process and before the men 
were skilled in it. The percentage of axles which have broken 
under fifty blows, including the three which broke on inspection, is 
less than the percentage of rejection on the inspection before 
adopting the process; and this is continually becoming less, as of 
the last thirty-two axles tested none have broken, all having had 
fifty blows, one immediately before this breaking on the fortieth 
blow. I have the record of only one axle carried beyond the fifty 
blows to breakage ; this broke on the one hundred and twenty-first 
blow. 


DISCUSSION, 


Mr. Wm. O. Webber.—The results obtained by the methods 
described by Mr. Coffin are wonderful, and this treatment, if it can 
be successfully and uniformly carried out, as applied to steel forg- 
ings, castings, etc., opens a new era in the application of steel to 
the mechanic arts. 

During my railroad experience I have found an increasing aver- 
sion to the use of steel by the mechanical department, for axles, 
crank pins, and main and parallel rods on locomotives, the general 
complaint being that this metal was unreliable; and from the 
numerous breakages, a great many of our larger roads have en- 
tirely discarded the use of steel for these purposes mentioned 
above, 

If, as I understand Mr, Coffin, this method reduces the initial 
strains in the forging to a minimum, makes the whole of a uni- 
form texture, and at the same time increases the elastic limit with- 
out materially altering the ultimate strength and ductility of the 
metal, they have certainly discovered a very valuable process, and 
one which the railroad world has long been waiting for. 

Here in New England I find the prejudice against steel unusually 
strong—in fact, it is entirely condemned by all the roads except one, 
whose superintendent of motive power has displayed unusual ability 
in designing forms of axles and crank pins to reduce the chances 
of failure toa minimum. If he is present at the meeting I should 
like to call upon Mr. J. B. Henney, Superintendent Motive Power 


N. Y. & N. E. R. R., for a statement of his experience with steel 
10 
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axles and crank pins, which I know would be of great interest to 
the Society, and bearing directly on the subject under discussion. 
Mr. J.B. Henney.—\ have been using steel for axles of all kinds, 5 
also crank pins, piston rods, main and side rods, and boilers since 
1878, with good results. Ihave had but two steel pins break in 
that time. This was through no fault of the material. The first i 
one broke in Wisconsin when the thermometer was 48° below zero 
and three feet of snow on the ground. The tires on this engine 


were badly track-worn, and the engineer allowed the engine to slip = 
badly, and broke one pin. [Engine was 17” x 24” American type.] 5 
The other was broken on the road I am now with, on an engine u 
with cylinders 22” x 22” Consolidation type. The tires on this 2 
engine were badly track-worn, and the pin had been reduced in #4 
diameter to 5” by wear, which I consider too small for an engine of f 
these dimensions. This fact, and the bad condition of tires, I con- F 
sider the cause of this pin breaking. My practice now in turning g 

erank pins is to turn them of the same diameter throtigh their 
entire length (as shown in Fig. 95). By this I get a longer i 
MAIN CRANK PIN. (STEEL) 
GG 

EAGWAIN 7775108777, 

t 
‘ ALT 
Fig. 95 : 
bearing with no longer pin, and avoid all corners for eracks tu bE 
start from. I have an engine with cylinders 16” x 24” running Fy 
with a set of this style of pins, which has made up to date 21,200 &. 
miles, and her rods have not been taken off since she left the shops, ‘. 


and there is no pound in them to-day. She is running trains which ee 

make ten stops in eight miles, and hauling eight and nine coaches. 4 

The brasses are made of copper and tin, eight to one, and one-half 

a pound of phosphorus is added to one hundred pounds of metal. 4 
On the rear drivers, where this kind of pin is used, I allow the 

crank pin hub to project out beyond the wheel hub the width of 
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the back end of main rod; this leaves the pin projecting beyond 
the fit, just the width of side-rod. The wheel-fit journal and ee- 
centric seats on driving axles I have turned of same diameter. The 
fit on piston-rods for the head | turn straight, and force the head on 
at eight tons to each inch in diameter, using no key or nut, and no 
collar. I know that a steel journal can be run with a poorer lubri- 
cant, and run cool when an iron one would run hot. This I con- 
sider due principally to the difference in the density of the metals. 
For driving-axle journal bearings I use 88.25 lbs. copper, 7.50 Ibs. 
of tin, 3.75 Ibs, antimony, and one-half pound phosphorus to each 
one hundred pounds of metal, and put no babbitt in them. This 
makes a very close metal and wears well. All the engines on this 
line, with the exception of a few small ones, have steel axles, crank 
pins, piston-rods, and side-rods, and a number have steel main rods, 
and we have yet to have the first one break. We have a coach 
running on steel axles that has run to date 127,245 miles, and has 
never had a hot journal. Should we adopt steel for passenger cars, 
[ should turn the journal, dust-guard and wheel seat of same 
diameter, using stop blocks at each end of the axle. 

Mr. Wii. Hewitt.—It goes without saying that this is an age of 
steel ; and apparently we are only beginning to learn the character 
and capabilities of this remarkable material. 


The sphere of its ap- 
plication is continually widening 


, and it seems only a question of 
time when it will entirely supplant wrought iron, and after wit- 
nessing the fine malleable steel castings at the I. P. Morris Com- 
pany’s establishment yesterday, which I believe were made at 
Chester, perhaps I should add east-iron too. We frequently hear 
the metal condemned, however, on account of its being unreliable 
and failing to meet certain requirements through some unaccount- 
able and mysterious reason; it is merely a polite way of acknowl- 
edging our ignorance of its nature, and these failures no doubt arise 
from our imperfect knowledge of the metal and the treatment that 
it requires. I think the Society is to be congratulated, there- 
fore, in obtaining papers of this description, as they give us a better 
insight into the character of this material, and point out the way to 
deal with it more intelligently, and thus avoid many of these so- 
called mysterious failures. I do not know that I can add anything 
of value on this special subject, but the paper calls to mind some 
matters of historical interest that appear to be pertinent. 

The theory in regard to the structure of the material, which Mr. 
Coffin describes as first expounded by Brinell, it appears to me does 
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not differ essentially from that announced by Mr. Chernoff in 1868. 
In the discussion of a paper on “the injurious etfect of a blue heat 
on steel and iron,” by Mr. Strohmeyer, read before the British In- 
stitution of Civil Engineers, Mr. W. Anderson describes the theory 
of Mr. Chernoff thus: “ He divided the whole range of tempera- 
ture from 32 degrees to the melting point of the steel into three 
zones; steel confined to the temperatures in the lowest zone, the 
limit of which he called A degrees, could not be hardened, no matter 
how energetically cooled; steel raised to any temperature in the 
middle zone, the superior limit of which was at B degrees, did not 
undergo any molecular change, though some qualities would harden 
on being suddenly cooled ; and, finally, steel heated above the tem- 
perature B adopted an amorphous or wax-like structure, and became 
very plastic, the said plasticity extending up to the melting point. 
He next drew an analogy between the behavior of a hot concentrated 
solution of alum and steel in the highest zone. It is well known that 
a hot solution of alum, if allowed to cool slowly, would solidify in 
Jarge crystals, but if kept agitated it would solidify into small crys- 
tals; if made to cool rapidly, it would also form a finely crystallized 
solid; and, finally, if made to cool rapidly, and if kept agitated as 
well, the finest crystals would be formed. And so it was with steel. 
If heated above the point B and allowed to cool slowly, the metal 
would become coarsely crystalline and unfit for use ; if cooled slowly, 
but well worked all the time, a tine silky grain would be obtained, 
and this result would be still more apparent if the cooling took place 
moderately quickly. If cooled suddenly, as in the tempering of 
large masses of metal forming guns, a fine and uniform grain would 
result. The temperatures A and B varied with the chemical quality 
of the steel. In pure steel, the combination of iron and. carbon only, 
Mr. Chernoff stated that the temperatures became lower in propor- 
tion as the percentage of carbon increased. Sir Frederick Abel, in 
discussing the same paper, alluded to the different forms which the 
carbon assumes as hardening and non-hardening under varying 
temperatures. This paper, with the discussion, has been printed by 
the Navy Department as Serial No. 21 of the Naval Professional 
Papers, under the title “The Working of Steel.” 

Mr. A. L. Holley, in a paper on “ Solid Steel Castings,” as made 
of malleable steel at Terrenoire, France, refers to the effect of an- 
nealing as increasing the strength and ductility of the material, by 
virtue of a change in the crystalline state which is characteristic of 
all ingot metals. He says: “In this state the structure is loose; 
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each crystal is an independent mass easily detached from its neigh- 
bor, and the metal is reduced to its minimum strength and elasticity, 
In ordinary steel, rolling or hammering will not only close the blow- 
holes, but will change the crystallization. In the Terrenoire solid 
steel, annealing at the proper temperature imparts all the qualities 
due to rolling or hammering ordinary steel. Repeated and careful 
experiments of the most exhaustive character made at Terrenoire, 
have established this fact bevond a doubt.’ He then refers to 
some experiments of Mr. Chernoff corroborating those at Terrenoire, 
and draws the obvious conclusion “that it is possible to make a 
steel in its cast state just as strong as if it had been hammered, 
provided, however, that the metal is regularly without blow-holes. 
The temperature at which annealing should take place is a good 
cherry red; if the temperature is too high, the crystalline structure 
remains, and with it the lack of strength.” Some of these castings 
contain as low as .18¢ carbon others used for projectiles contained 
from .50% to .56¢ of carbon. 

Although Mr. Holley appears to be familiar with the investiga- 
tions of Mr. Chernoff, it does not seem to have occurred to him that 
the crystalline structure could be broken up by sudden cooling to a 
certain lower temperature, and the metal still annealed by holding 
it at this temperature, and then cooling slowly. That it apparently 
matters not how vou manipulate steel, if you only treat it right in 
the final operation, is a very important discovery, and a far-reach- 
ing one, and opens a subject that is worthy of further investiga- 
tion, 

Prof. J. B. Denton.—-Although I agree with the writer of the paper 
that the showing in it makes it probable that raising the elastic 
limit of steel does account for the extra toughening, such is not 
the fact with regard to wrought iron. The records of the tests 
made by Commander Beardsley of the United States Navy in test- 
ing chain cables showed that iron which under the drop test was 
worthless was often of a higher elastic limit than iron which under 
the drop test would bend double. I have recently been working 
upon a case of broken axles. A large number of axles of wrought 
iron broke under drawing-room car service, and upon taking sam- 
ples from the axles and testing them, the tensile strength was 
over 50,000 pounds, the ductility excellent—over twenty per 
cent.—the metal welded very weil, and it bent nearly double 
cold. Chemical analysis showed a quarter of one per cent. phos- 
phorus and .16 per cent. of silica. These two facts would appar- 
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ently condemn it in the ordinary opinion. But upon sending for 
the best axle that I could obtain from railroad people, known to be 
made in the very best manner, the strength was the same. The 
elastic limit was three or four thousand pounds higher and the com- 
position just as high in phosphorus and silica, thereby overthrow- 
ing any explanation on chemical grounds, There could be no differ- 
ence found between this excellent iron and this poor sample under 
any ordinary mechanical tests. But under the drop test a single 
blow of fifteen feet broke in two the bad axle, while twenty blows 
from twenty feet, put on as the gentleman described, were required 
to break the good axle. Ordinary transverse tests also failed to de- 
velop any differences of quality in the two irons. The sole ditterence 
between the qualities of the irons was brought out by drop test only. 
There evidently is a large field where impact tests alone can com- 
pare certain mechanical qualities of iron and steel that are generally 
supposed to be measurable by tensile tests. 

Mr. £. C. Felton.—I think that the matter which has been pre- 
sented by Mr. Coffin is exceedingly important, not only to the steel 
men but to the railroad engineers as well. It is also very interest- 
ing as an example of how an abstract theory may be taken into the 
workshop, applied there, and made of great practical use. 

Now there was one point in this paper on which I would like to 
ask a question. It will be noticed in the two tables given by 
Mr. Coftin of the results obtained by testing the pieces cut from the 


=) 


axles that in the tests made at the beginning, or when the operation 
was first adopted, the steel is of an entirely different character froim 
that which is shown to be used in the later tests. That is, when 
the method of water annealing was first adopted, steel of from 
85,000 to 95,000 pounds tensile strength was used, and later on a 
steel of about 70,000 pounds ultimate strength has been used. 
Was it found that the stee! used in the first place was unfitted for 
the purpose to which it was put—that is, to be used in axles? An- 
other question [ would like to ask is this: Is there any difference 
in the way in which the two kinds of steel have been annealed ¢ 
It will be noticed that the higher steel, averaging about 80,000 or 
90,000 pounds ultimate strength, shows an elastic limit after an- 
nealing of from 42,000 to 46,000 pounds to the square inch ; whereas 
the softer steel in the second table, which has an ultimate strength 
of 71,000 and 72,000 pounds, when annealed, has an elastic limit 
of 44,000 pounds. That is, the elastic limit ismuch higher in the 
softer steel than in the harder steel after being subjected to the 
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annealing. I would like to know whether the two kinds of steel 
have been treated in any markedly different ways 4 

Mr. T. Re. Almond.—I want to relate a little experience of my 
own in regard to the action of steel after it is hardened. The 
peculiarity is this: After a piece of steel has been heated to the 
best possible heat for hardening and immersed in water, or what- 
ever substance is used for hardening it—after it has been brought 
into that condition, it may, by a peculiar treatment, be brought into 
a condition which I do not think is very much understood—TI eall it 
a pliable condition—corresponding toa temperature of SA} between 
250 and 350 degrees, according to the particular make of steel. 
[ tind that hardened steel need not be drawn to a temperature 
greater than 350 degrees to put it into a condition where it is pli- 
able, and where its shape can be changed. I think this peculiarity 
is understood by many of our manufacturers of steel tools, because I 
notice in many instances that they avail themselves of it; but I do not 
think that they understand exactly what they are handling, or the 
peculiarities which are distinctly there. One peculiarity is distinetly 
there, and that is that the steel must not be subjected to atemperature 
higher than that corresponding to a very light straw color. I find 
that if I attempt to avail myself of the pliable condition—as I ex 
press it—after the steel has been drawn toa temperature of about 
400 degrees, it is no longer possible to do so. 

Mr. F. W. Zaylor.—I| ean corroborate Mr. Denton’s remarks as 
to the efticiency of a drop test, and the inetticiency of other means 
of testing axles. 

In some experiments which we made in the works of the Mid- 
vale Steel Company some years ago, Wwe found that the tensile 
strength and the percentage of elongation and contraction were by 
no means an accurate indication of the quality of the axles. 

The test which we were required to fill was that demanded by 
the Pennsylvania Railroad for their passenger car axles, and we 
found that some bridge steel that we were rolling at the time had 
the necessary tensile strength and percentage of elongation to fill 
the specifications, so that we concluded to forge some axles from 
that steel. 

We did so, and after the axles were forged they yielded the ten- 
sile strength and stretch required by the Pennsylvania Railroad. 
But when subjected to the standard drop-test of the Pennsylvania 
Railroad, the axles forged from bridge steel broke, in each case, 
from a single blow of the drop, while those forged from the open 
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hearth steel, which we had formerly used for axles, would stand in 
some cases two or three times the number of blows from the drop 
required by the Pennsylvania Railroad. 

Apparently no test which could be made with a testing machine 
at that time would detect this brittleness of the steel. It wasa 
brittleness that showed under impact, and did not show in the test- 
ing machine in any way. 

Very likely it was the same cause, whatever it may be, that af- 
fected the iron of which Mr. Denton speaks. 

Mr. J. T. Hawkins.—There seems to be no better established 
fact in connection with the behavior of steel and iron, than that the 
elastic limit will be lower, and the percentage of elongation less, as 
the crystals shown in fractures which are crystalline are larger; that 
is to say, that generally in fractures showing a crystalline structure, 
the larger the crystals the lower the elastic limit, and the less the 
percentage of elongation becomes. There is also probably no bet- 
ter established fact in physics than that in any crystalline forma- 
tion the crystals are large in proportion as their formation is 
slowly procured. In these two sets of facts there appears to exist 
an anomaly worth investigating. The slow formation of crystals 
in steel or iron would seem to conform to the process of annealing 
or slow cooling ; and generally with steel, if the elastic limit be not 
higher, certainly the percentage of elongation will be greatest in an 
annealed or slowly-cooled specimen, while in a bar of iron of crys- 
talline fracture the larger the crystal the lower the elastic limit and 
the less the percentage of elongation. 

I offer these suggestions as possibly leading to some profitable 
channel for the investigator. 

Mr. John Cogin.—In presenting certain experimental results, 
I will go over the ground as quickly as I can, and in order to econ- 
omize time, I will first pass around some specimens illustrating the 
effect of the change of carbon to non-hardening state. They are 
arranged in pairs, the light-colored one of each pair having been 
heated to temperature W and quickly cooled, tiius fastening its 
earbon in the hardening state, while the dark one was heated to 
the same temperature and quickly cooled to temperature V, then 
slowly cooled ; thus passing through the range of crystal-forming 
temperature rapidly, and afterward cooling slowly enough for its 
varbon to change to the non-hardening state. We have in this case 
a perfectly amorphous fracture. You can see no crystal formation 
in it whatever. 
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The néxt specimen I will show you is a hammered bar of axle 
steel, .38 per cent. carbon, ” x 1” bent double without a crack. I 
do not attach any great importance to this specimen, only that such 
specimens have usually been from rivet and boiler plate steel. The 
bar was treated exactly as the axles are. 

While you are looking at these specimens I will turn to the dis- 
cussion of the paper. Mr. Hewitt’s remarks about Chernoff’s inves- 
tigations are very interesting. Chernoff was. the undoubted piv- 
neer in this direction, and should have ail due credit. Brinell has 
merely taken up the subject where Chernoff left it, and has gone 
into a much more thorough and scientific study of it. I can make 
my meaning more clear by giving a brief description of what seems 
to take place in a bar of annealed steel if heated. No great change 
in its structure occurs until the carbon changes to hardening ecar- 
bon, at a low orange heat; it then becomes amorphous. If heating 
is continued crystals begin to form, but if the heating is further con- 
tinued these crystals disappear again. 

The first amorphous state investigated by Brinell is caused by 
the atomic disturbance incident to the change of carbon; while 
the second amorphous state, previously investigated by Chernoff, 
seems to be caused by the action of the law which causes many 
substances to pass through a plastic amorphous condition before 
fusion, Chernoff clearly stated that the amorphous or wax-like 
plastic structure, after being reached by heat, extended quite up to 
the melting point. 

In my paper compare the conclusion quoted from Brinell with 
the 6th and Tih observations. 

[ entirely agree with Professor Denton, but would like to correct 
what might seem to be a difference of opinion. I said that the 
toughening process very much increased the elastic limit of the 
material, but not that I thought the toughening was due to this 
increase. I also said that the increased elastic limit was not enough 
to account for the increased toughening. 

In regard to Mr. Almond’s remarks, I have not time to review 
that branch of the subject, but after the meeting, or at any other 
time, I would be glad to talk to any member who may be inter- 
ested in some experiments I have made in that direction, 

In reply to Mr. Hawkins, if rather high steel be cooled from a 
high heat it will behave the same as iron, but if treated by heating 
to temperature W only, then cooled rapidly to temperature V, and 
then slowly cooled, it will not have the large crystals spoken of, 
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because we have broken up the crystals by heating to this tempera- 
ture and avoided their re-formation by cooling rapidly through the 
zone of formation. 

I will now show you some small specimens. I have not time to 
give you any theory on them, though I have crudely formed one. 
I have not used theoretical language in my paper, but merely 
described what appears to be the facts, and am aware that my 
observations somewhat conflict with the ordinary theories of crys- 
tallization. It occurred to me that if no mistake had been made in 
regard to the action between crystal faces, and if two pieces of steel 
could be brought by mechanical fitting into as close relation to 
each other as the faces of crystals in a piece of steel, and were then 
treated ina manner which would destroy the crystal faces in a 
single bar, the result might be the destruction of the faces of the 
separate pieces of steel in contact, and thereby cause them to unite. 
In my first experiment I did pot much expect success, It was as 
follows, viz.: Short bars of steel 2” square were marked on opposite 
sides and broken. The fractured ends were then fitted together 
and clamped in this position, and the whole heated in a charcoal 
fire to temperature W. When cool they were found united. I 
have here a number of bars so treated, which I will pass around. 

A Member.—W hiat grade of steel are they / 

Mr. Coffin. Tool steel. 

A Member.—What make of steel ¢ 

Mr. Coffin——Pittsburgh steel. Tere are some more specimens 
I will show you of bars which have been rebroken after being so 
united. You will notice different amounts of surface in cohesion 
varying from say 4; to} the entire surface of the ends. This seems 
to be determined by the perfection of the contact. In order to 
make a better study, I prepared surfaces of small cubes by grinding 
them together. They were then thoroughly cleaned, clamped to- 
gether, and heated in a charcoal fire to temperature W. 

In these which I will show you, the cohesion was not perfect, but 
very good ; the surfaces having the appearances of unpolished silver. 
Here is another in which the cohesion was a little better, in one 
place being perfect, the metal at the edge being torn from the ad- 
jacent cube. You willsee by turning to the light a beautiful tracery 
or pattern over the whole surface. Here are some cubes of boiler 
plate—carbon, .12 per cent.; manganese, .23 per cent. The cohesion 
was remarkable. By fastening in a strong vise, and using a long 
wrench I bent the piece without breaking; I then broke it by 
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means of many heavy hammer blows. The break shows the char- 
acteristics of the crystal faces of a piece of soft steel. You will 
see on each cube small particles of steel which formerly belonged 
to the other enbe. 

I have here a specimen of tool steel which is very interesting. 
It is remarkable as showing the three grades of cohesion, the char- 
the bright 
fuce indicating slight cohesion, the dull face indicating better 


acteristics of the crystal faces of two types of fracture ; 
cohesion, and at one place the face is entirely lost by the metal 
being rent from the adjoining face of the other piece. 

I made a number of attempts to unite small pieces in the Bunsen 
burner which were failures. The cause of failure was found to be 
due to the force ot the oxidizing flame. 

These pieces (showing) are the first I succeeded in thus uniting. 
They were held cornerwise, as shown in lig. 102. The shape of 


the outside is carried up into the interior, only a small ; 


square spot being united. This experiment gave the WY 
clue to the failure, and it was found that the experiment 

could be performed suecesstully by wrapping the joint 

with a piece of platinum foil. | 


I have a burner arranged here, and can perform the — 
experiment before you. Fig. 102, 

I have here a number of ;. bars of short length. 1 will break a 
few until ET get a square break, as I am anxious to have the ex- 
periment sueceed., I did not break the pieces before coming here, 
asa clean break is desirable. <A little dirt or rust might spoil the 
experiment. While I am preparing this experiment the discussion 
night continue. 

Mr. T. R. Almond.—I would like to say that in my factory 
there have been broken perhaps 50,000 pieces of Hobson’s tool 
steel. They have been broken for the purpose of getting them 
into place, and after being broken the temperature was drawn to 
ablue. I might mention, in connection with a previous remark 
that I made, that the temper was drawn under pressure; if the 
pressure was put on after the temper was drawn, they would not 
assume a regular shape as was desired. If the pressure was put 
on before the temper was drawn, they would always come out 
regular in shape according to the mold in which they were com- 
pressed, 


In regard to those fractures, I would say that we have every 


day in the week in my place the same appearances that are shown 
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in some of the specimens, partially oxidized and unoxidized. 
I think the success of the gentleman’s experiments depends en- 
tirely upon the degree to which the surface is not oxidized, or 
rather upon the absence of all oxidation. The more complete 
the success he attains the less film of oxide will there be collected 
on the surface before the experiment commences, and of course 
the more complete the degree of contact to which the surfaces are 
brought. The only unexplainable things in the specimens shown 
are in those which indicate that they have been in absolute molec- 
ular contact. 

Mr. Coffin.—If any one will read my paper over carefully he 
will find this action has been fully anticipated. The reason for 
not treating the subject more theoretically is that the theory is 
too young yet to go far from home. 

Mr, J. T. Hawkins.—My. President, T would like to suggest to 
Mr. Coffin that possibly one thing that would affect the union of 
these fractures is the lapse of time after they are made ; that 
they unite very much more perfectly if joined immediately than 
if such union be made after a considerable lapse of time. 

The President.—My. Coffin just made that remark himself. 

Mr. J. T. Hawkins.—\ think Mr. Coftin merely referred to the 
probability of the surfaces becoming soiled if broken, and there- 
after handled or conveyed to another place te be joined ; and 
the point I desire to make is that the perfection of union between 
the fractured surfaces depends, more than any other considera- 
tion, upon protecting them from oxidation. 

In this connection I eall to mind a lecture I heard a good 
many years ago, by the late Prof. Mapes, very fully illustrating 
this matter. The general tenor of the lecture was to illustrate or 
sustain a theory of the Professor to the effect that if any metal 
could be fractured under conditions which would absolutely ex- 
clude oxygen from contact with the surfaces of fracture, they 
would again unite as perfectly as before fracture, without any 
greater pressure than was required merely to bring them into con- 
tact, and at a temperature not much above that at which the frac- 
ture was made; and that the least oxidizable metals would suffer 
the longest contact with the atmosphere after fracture before ac- 
quiring that state at which they would refuse to reunite; the 
elevation of temperature, everything else equal, of course, con- 
ducing to such a reunion. 

He instanced the manufacture of lead pipe, in which the metal 
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in the solid state is made to flow out of an orifice, under hydraulic 
pressure, over a button or short mandrel supported in the orifice 
by three or four double-edged knives; the form of the orifice, 
knives, and mandrel being such that the lead, in passing out, 
would be split into three or four strips, according to the number 
of supporting knives, without the separated surfaces ever coming 
in contact with the atmosphere. The strips, meeting again below 
the knives, issued from the orifice as perfectly united as before 
separation. Without the precaution here observed of excluding 
the air from contact with the cut surfaces, no such reunion would 
occur 5 because, even in so short a lapse of time, their oxidation 
would be sufficient to prevent it. 

I myself can give a very familiar instance illustrating this prin- 
ciple. In preparing sterec typed plates for the press, they require 
to be reduced to a uniform thickness, and this is done by means 
of a special planing machine, one form of which removes wide, 
thin shavings from the backs of the plates, much after the manner 
of a carpenter's plane ; in fact, a common carpenter's plane is SO 
used, when the operation is performed by hand. In this opera- 
tion the shavings removed must be carefully prevented from fall- 
ing upon the newly planed surfaces, or they will reunite so per- 
fectly as to require as much effort to remove them as at first. 
If, however, such shavings as have been removed a few minutes 
be replaced upon the surfaces from which they were taken, there 
is not the least tendency to reunite. This stereotype metal, being 
rather slow to oxidize as compared with lead, explains their readi- 
ness to adhere with the freshly cut surfaces under a short expos- 
ure to the air, where lead would refuse to do so. 

The most striking illustration of Prof. Mapes on the occasion 
referred to was as follows: He prepared two small bars of hard- 
ened steel, so small in section at the central point of the bar as to 
be readily fractured by a slight rap with asmallhammer. One of 
these bars was straight, and the other bent at an obtuse angle, 
with the small section at the vertex of the angle. He placed the 
straight bar across the top of a cup filled to very near the top with 
mereury ; and, with a tap of the hammer at the middle point, 
almost simultaneously with the fracture and almost instantane- 
ously depressed the fractured surfaces into and below the surface 
of the mercury. The bent bar he placed similarly across the cup, 
with, however, the vertex of the angle, or the point to be fractured, 
below the surface of the mercury, and, by suitable means, broke 
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the bar at the angle, upward, out of the mercury. In this experi- 
ment he explained (although I did not witness it), that the frae- 
tured surfaces of the straight bar showed no signs of amalgama- 
tion with the mercury, while in the bent bar the surfaces were 
perfectly amalgamated and covered with a coating of mercury. 
His explanation was, that in the infinitesimal period of time elaps- 
ing between the actual fracture of the straight bar and its actual 
contact with the mercury, the steel being a readily oxidizable 
metal, the surfaces became sufficiently oxidized to prevent adhe- 
sion of, or complete union with the mereury ; while with the bent 
bar, every source of oxygen being absolutely excludéd, the two un- 
contaminated surfaces united perfectly. 

From these considerations, if Prof. Mapes’s conclusions be 
sound, it would seem that the cohesion or reunion of steel frae- 
tures of surfaces such as produced by Mr. Coffin, can be the more 
perfectly made the more immediately the fractured surfaces are 
again brought into contact, especially as two such surfaces of frac- 
ture most perfectly fit each other, and thus tend to exclude the air. 
Of course, the temperature is a factor, as, in the manufacture of 
lead pipe, the reunion explained in that case will not take place 
perfectly below a given temperature ; and it is not impossible that 
the character of the flame from the Bunsen burner which he uses 
to heat his specimens, may have a good deal to do with preserving 
the surfaces from oxidation, if, indeed, it may not have removed 
what little may have taken place. 

Mr. Coffin—My. Hawkins’ discussion has brought before us the 
question whether the union of the two pieces is due to the change 
of carbon as I supposed, or is it the result of a weld. Some met- 
als weld cold, lead being one of these. Ifa bullet be eut in two 
and the bright surfaces brought together and slightly rubbed, they 
will unite in small spots. Iron and steel have to be brought to a 
point near fusion; platinum welds at a somewhat lower heat than 
iron, but at a red heat it will not weld. If it is argued that the 
reason for iron welding at a certain heat and at no lower, is thata 
temperature must be reached at which its scale is fusible so as to 
flow out and leave perfectly clean metallic surfaces in contact, then 
the analogy does not extend to the case of platinum, as the sur- 
face is as clean at a red heat as it is at its welding temperature. 
I am inclined to believe that a weid of iron or steel, in the ordinary 
sense of a weld (a union made by clean surfaces being forced into 
contact), cannot be made below the ordinary welding temperature. 
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I cannot, however, give a positive opinion at present, and it may 
be that Mr. Hawkins is right. 

Prof. J. EB. Denton.—lf I understand clearly what is about to 
be shown, it is that slight pressure and unusually low heat will 
unite steel, and, while we are waiting it occurs to me to put upon 
record an incident which I witnessed regarding the welding of 
mild steel. I believe it is generally acknowledged that weldin 
mild steel is a difficult matter. A large iron works, welding by 
machinery, has discovered that the way to weld mild steel on a 
large seale is to use a ecarbonizing flame in taking a heat. But 
upon trying to weld inch bars of mild steel in the same way, I 
found that the only way to succeed was to use an oxidizing flame, 
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and stick the rods together at a very low red heat with a few very 
light blows of the hand-hammer, then reheating at full red heat 
permitted the completion of the weld in a very perfect form. 

Mr. EB. C. Felton.—1 would like to ask Mr. Coftin if he will 
kindly answer my question. 

Mr. Coffin—I beg your pardon, certainly. The difference is 
perhaps partly due to a different grade of steel and partly to 
the treatment. 

The first tests were taken during the first two weeks of working 
the process. Besides, I think they were from freight axles, while 
the last tests were from passenger axles. The specified require- 
ments are different, some axles being subjected to tensile tests 
alone, while others are tested under the drop. We are sometimes 
restricted in making what we think the very best axles. You see 
if we get them too good, the buyers won't take them. (Laughter. ) 

To return to our experiment, if the piece if not hot enough, it 
is as hot as it will get in this flame. 1 will show you what tem- 
perature I have. 

Mr. T. R. Almond.—The effect of the first film of oxide on the 
surface of a piece of metal, in regard to its conductivity—that is 
us to heat—is something that we should very much better under- 
stand than we do, I think. I had it illustrated one time when I 
was hardening some bright spindles; that is to say, 1 was heating 
them in lead and some ‘of them escaped—got out of the jig that I 
was holding them in and fell into the lead and remained there a 
few seconds. They were taken out and put on one side to cool 
so as to give me an opportunity for reheating them. The film of 
black oxide on the surface must be very small indeed; I don’t 
know what the thickness is; I should like to know; but a very 
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slight application of fine emery cloth is sufficient to remove it. In 
reheating the pieces which were blackened in that way with other 
pieces that were bright, I found that it took three times as long 
to heat the black ones as it did to heat the bright ones; they were 
both dipped into the red-hot lead, and there could be no possible 
difference in the temperature of the medium by which they were 
surrounded. From that I reasoned, in regard to the hardening of 
steel, that it is not only very necessary to heat the steel carefully, 
and all that sort of thing, but it is just as necessary to have the 
surface of the steel, when it comes out of the medium in which it 
is heated absolutely uniform in its character. I am myself so 
particular about it, that if I want to get a good result on anything 
which I wish to harden, I wash it thoroughly in some liquid, such 
as gasoline or benzine, before I heat it, and am exceedingly care- 
ful not to get any foreign matter on it that can be avoided. 

The President.—I would say that this experiment is a success so 
far that I am unable with my fingers to break the bar in two. It 
seems to be thoroughly joined. (Applause.) I would say that in 
breaking this one there is shown a fracture clear across, another 
shows a fracture in the center, another diagonally—very good 
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OBERLIN SMITH, BRIDGETON, NEW JERSEY 


(Member of the Societys 


To the maker and user of ordinary machine tools, which are 
often quite complicated in their construction and action, the ma- 
chine commercially known as a “ power press” may seem too sim- 
ple to require any literature of itsown. If the motions are analyzed 
which are required in the two general classes—machine tools and 


presses—it will be found in’ machines of the pl 


type, for in- 
stance, that it is necessary to move either the work or the cutting 
tool in an accurately straight line to a considerable distance, against 
acutting pressure, and in two other straight lines both at right 
angles to this first line, and one of which has its direction adjust- 


able to make an infinite number of angles with the other. lor 


the necessary feeds and adjustments, these motions must be in both 
directions, and in the cause of the first mentioned One the backward 
or return motion must be much faster than the forward motion. 

In machines of the lathe type, in which may be included screw- 


machines, milling-machines, boring and drilling-machines, ete. 


there is frequently a similar set of motions to the last two de- 
scribed for the planer ; while for the first-named rectilinear move- 
ment is substituted a rotary one, so as to produce cylindrical and 
conical surfaces instead of planes. In both types of machines 
many of the motions must be reversible, intermittent, and variable 
in speed. These requirements, together with all the adjustments 
necessary, and the great strength and rigidity which ouglit to be 


(but is not always) embodied in such tools, make them ponderous 


us well as complicated, and consequently expensive. This pon- 


derosity or clumsiness for the stationary and slowly-moving parts 
the writer has elsewhere advocated in writing of the “anvil prin- 
ciple” versyvs the “fiddle principle ” when criticising the extreme 
flimsiness of many of the machine tools in the American market, 


In power presses, and indeed in metal working presses of all 
kinds, such as foot, screw and hand-lever presses, this anvil princi- 
ple is still more important than in machine tools, not only to con- 
trol the motions rigidly and accurately, but to absorb the percussive 
11 
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blows to which such teols are subject. Of course in the case of 
drop presses this resistance to percussion is still more necessary, 
but these will not be further discussed here, because they are more 
akin to steam hammers and other tools of the strictly percussive 
type, where the blow is given by momentum rather than great 
pressure, and where the motion is usually an accelerated one. The 
presses alluded to above as working by foot and hand power will 
perhaps in some cases fall incidentally within the scope of this 
paper, but the points which it is especially desirable to bring out 
will be fully covered by the discussion of power presses proper, the 
essential principle of which is embodied in a slide-bar made to re- 
ciprocate toward and from a stationary bed by a crank or cam upon 
a main shaft, which is driven (either directly or through a train of 
gearing) by a belt running upon a fly-wheel, or upon a pulley con- 
nected therewith. To simplify the argument, the somewhat com- 
plicated double-action presses will be left out of the question. 
These are used in the “drawing process,” and have two or more 
slide-bars, one within the other, each with a separate set of mo- 
tions derived from various cranks and cams. It will suffice to dis- 
cuss a few of the problems which arise in the design, construction 
and operation of the ordinary type of power press, either geared or 
non-geared, 

In its ‘essential features such a press, as usually built, is really a 
very simple machine, consisting chiefly, as far as its moving parts 
are concerned, of a slide-bar connected to a crank on its main 
shaft by an adjustable pitman—this shaft being detachable from 
the fly-wheel or gear which runs loose upon it by an automatic 
“ stop-clutch” actuated by a treadle. Such a machine, to a casual 
mechanical observer who had not studied it as a specialty, would 
seem to be far easier to design than the machine tools proper, men- 
tioned above, but after taking it up as a specialty his judgment 
would be reversed, and he would find several knotty problems to 
keep him awake at night while the builder of lathes or planers was 
quietly sleeping the sleep of the just. This difference arises partly 
from the fact that power-press building is both a newer and a 
smaller industry than the making of machine tools. It has not 
been so fully experimented with either in point of time or in re- 
gard to the number of experiments—in other words, these ma- 
chines have not arrived at the same stage of development in the 
evolution of their race as have the older and more numerous tribe 
of lathes and planers. 
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A more important difference, however, lies in the fact that ma- 
chine tools are subjected to very little percussive action, while all 
the parts of a power press are constantly endeavoring to hammer 
themselves and each other to pieces. This is due chi fly to the 
fact that the work in the dies offers a sudden resistance to the 
moving parts when it is struck; and incidentally, to the sudden 
stopping and starting of several heavy members of the machine 
while the wheel which drives them revolves at a constant speed. 

As a consequence of these conditions one of the problems aris- 
ing is, how to fasten the parts together so that nothing will jar 
loose or come apart while in action. This difficulty can usually be 
overcome by the use of lock-nuts upon all screws, and by driving fits 
where screws cannot be used. Snel fits, however, are objection- 
able where facility of taking things apart is properly provided for, 
and none of the presses in the market are yet ideally perfect in this 
respect. 

Another problem which has not been solved in a wholly satisfae- 
tury manner is to make an adjustment of the slide-bar, which is 
long enough in range, and yet which combines simplicity and 
cheapness of construction with such strength and security of fas- 
tening as to withstand the heavy blows and pressures to which it is 
subjected. Among the most simple devices for this purpose is 
perhaps some form of eccentric, either at the lower or upper end 
of the pitinan, but the chief objection to these is their short range 
of adjustment—since it is difficult to clamp them firmly enough 
in place so that they will not revolve if their eccentricity is very 
great. Various kinds of flat wedges have also been used, but are 
open to the same objection. In some kinds of presses a screw- 
thread upon the pitman itself, with lock-nuts or other clamping 
devices, has proved successful, as has also a special screw between 
the slide-bar and the bearing by which the pitman is attached 
thereto. The latter, however, lacks simplicity, and all these screw 
devices, thongh giving almost any desired range, take too much 
room for the compactness of design which is usual in punching 
presses for heavy metal. A very good long-range adjustment can 
be sotten by making the Led of the press to set up and down; 
but this again increases cost, especially if made as strong as the 
rest of the press frame. 

A third and more difficult problem is to make an automatic stop- 
clutch which, by a slight motion ofa treadle or hand-lever, will in- 
stantly throw the main shaft into gear with the driving wheel 
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which is revolving upon it, and which will at the same time lock 
the shaft and wheel together securely against rotary stresses in 
either direction. By “ instantly ” is meant within a small part of 
the wheel’s revolution, say from one-third to one-sixth, but it is 
better if the actual starting is not instantaneous, that time may be 
given for the inertia of the shaft and attached parts to be overcome, 
so that they may start gradually. This has been attempted by 
various forms of friction-clutches, which, if successtul in all respects, 
would not only tend to lengthen the life of the press by avoiding 
the sudden hammer-blow incident to the ordinary clutch, but 
would, by the quietness of their action, Ininister soothing balm to 
the nerves of the operator and all other persons unfortunate enough 
to be working in shop or counting-room in the near vicinity. My 
own experience has, however, led me to believe that this friction- 
clutch business is a very difficult one to deal with,as the amount of 
power to be conveyed to the shaft at the time of doing its hardest 
work is much greater than in the case of ordinary friction-pulleys 
and clutches for shafting. A device ean undoubtedly be made 
strong enough to do the work properly if the friction is applied out 
near the rim of the wheel, where it will act with considerable lev- 
erage, but the difficulty then is that the parts of the mechanism 
which are attached tothe shaft are so bulky that they give too much 
momentum for the sudden stopping of the crank at the top of its 
stroke when the clutch is thrown out. The experimenter with 
such a clutch, where he may have to stop the crank at every 
revolution not more than five or ten degrees from a fixed point, 
perhaps as often as a hundred thousand times a day, with the enor- 
nous locking pressure necessary, will find that he has in hand a 
very different matter from that ot stopping and starting a line of 
shafting, where the time of several revolutions may be used for full 
engagement ordisengagement. In my own practice, after exper- 
imenting with friction, and with various forms of springs, to 
give an elastic blow, I have fallen back for the present on the old 
principle of a positively locking clutch as the best practicable 
thing, in spite of the noise and jar which it creates. Such auto- 
matic friction-clutches as I have observed in commercial use seem 
to be adapted for light work only, and do not run as quietly as 
they should. It is earnestly to be hoped that time will solve this 
problem in favor of a noiseless clutch of some kind. 

When power presses were first invented their use was such a 
great improvement upon previous methods that it was considered 
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good enough to wait for the wheel to come round to a certain 
single point of locking with the shaft. and th n to have no provi- 
sion against “ back-lash.” In these days, however, competition in 
getting out presswork rapidly has made it me cessary that the shatt 
shall startas svon as possible, and it is cousidered d¢ sirable to have 
from three to six interlockine points upon the wheel, according to 
the speed, It has also become Necessary to avoid back lash. on 
account of the frequency with which “spring-drawing dies,” so 
called, are used. In these there are very powerful springs which 
have to be compressed by the downward action of the slide- bar, 

Ll whi i tend to push it upward durii 
faster than its normal rate ol speed, In such ca 
and shaft are hot rigidly locked i 
ts ahead of the wheel, 80 to speak, lor 

here is an unpleasant blow 


catching 


As before intimated, thi inte rlocking 


is difhicult at the high rate of speed at which ‘hutch is u nally 


thrown into gear, and the tenden ‘v of the shaft to run away from 


the wheel on the up stroke has to be stopped by ion brake. 


vl to work properly, wastes a 


This, however, if set tight enou 


great deal of power, unless it is made automatic. so as to act only 
at the particular time de sired, This again makes additional eX- 
pense, and detracts from the simplicity so desirable in machines 
of this kind. 

A fourth problem is so to throw the clutel ut of gear 


automatically as to make the shaft stop exactly in the angular posi- 


tion desired. This would be easy enough were the speed, lubricva- 


tion and tightness of adjustment of the wearing parts uniform, as 


well as the wi is ht of dies and other attachments on the slide-bar ; 
but, under existing conditions, there is very great variation in the 
position of stopping, principally caused by a variation of speed of the 
driving power. This difficulty has been partially overcome by a 
friction-brake the shaft, but. as before said, it freq ntly 
Wastes a wood deal of power, by the holding down of the treadle, 
Without being stopped at each up stroke, especially where the 
press is running continuously, 

In the practical working of these presses many other minor 
problems arise, due to the accelerating or retarding action of the 
various attachments which are frequently put on presses for feed- 
ing and gauging the work, ete. In general, it may be said that all 


press-makers have found it somewhat difficult to contrive a clutch 
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and brake arrangement which is simple, durable and cheap, but 
which can be put upon all presses of a given size and sent out to 
take its chances among the multifarious conditions which the user 
(generally not a machinist, as is the user of a machine-tool) may 
impose upon it. These may consist of speeds too fast or too slow ; 
wearing adjustments set too tight or too loose; slide-bar normal 
or heavily loaded ; shaft normal or loaded with various cams, gears, 
etc., for automatic “attachments;” ordinary dies or dies fitted 
with strong reactionary springs; dies for thick punching which do 


their work during a considerable portion of the stroke, or emboss- 
ing dies which meet heay aes sistance only at the end of the stroke, 
and perhaps cause an upward reaction by the resilience of the 
press frame itself—which in open-front presses is often very 
powerful, owing to the elasticity of the metal. Furtl ermore, if, 
for the sake of uniformity in manufacturing, the standard clutches, 
etc., are also used in various geared and non-geared drawing and 
other double-action presses, still other conditions arise and the 
molecules of the press-maket’s brain-fibre must swing in orbits still 
different to meet and cope with them successfully. 

There has been no attempt made in this paper to analyze thor- 
oughly the mechanism of the power press, nor to point out full 
solutions of the difficulties pre sented. The foregoing ha simply 
given a few hints regarding these difficulties, with the lope of eall- 
ing the attention of the mechanical world more particularly to the 
interesting machine under treatment. Neither has the writer at- 
tempted to mention various improvements which in his own prac- 
tice he has found it necessary to contrive for the proper working 
of these machines. There has been within the last ten years a 
marked improvement in almost all the presses on sale in the 
market, but there is yet an extensive field open for their further 
development before they become as perfectly adapted to their 
functions and environment as is the ordinary engine lathe. 


DISCUSSION. 


Mr, John J. Grant.—I1 would like to ask Mr. Smith what the 
trouble is with the elastic stop-motion which he formerly put on 
his presses. We have a very large press in the American Sewing 
Machine Company’s Works, and it has been working about a 
year. It is working absolutely perfectly. I do not see anything 
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the matter with the elastic motion which he says he has dis- 
carded and has fallen back on the old positive stop. 

Mr.Wilfred Lewis.—1I cannot say that I have had much ex- 
perience with machinery of this class; but I have been interested 
in the difficulties presented, and think | miy confid ntly assert 
that the third problem has been satisfactorily solved. I refer to 
a patent, No. 352,623, granted to me about a year ago and con- 
trolled by William Sellers & Co. We have used these clutches 
on our machine tools for feed motions very successfully, and they 
have been applied recently to heavier work. We have an appli- 
cation of the clutch on a ear wheel boring mill in which the table, 
weighing something like a ton, is started and stopped at the rate 
of twenty revolutions a minute. This table is not driven directly 
by the clateh but by a shaft gearing into the table and running 
at 120 revolutions a minute. There is no shock in starting or in 
stopping. The clutch is absolutely positive, although friction is 
used, and there is no possibility of slip beyond a certain amount 
used in starting. It is as positive as a solid clutch and adaptable 
to various requirements. It can be used either as a positive 
clutch without slip, or it ean be used for the transmission of a 
detinite and limited amount of driving power where slip is de- 
sirable to overcome inertia. 

Mr. Thos, 8S. Crane.—One of the requirements in constructing 
a large press is very frequently to balance the moving parts. In 
the Marchand double-action presses, largely used in this country 
for drawing deep tinware, this was done by a lever and heavy 
counter-balance weight ; but it has since been successfully done, 
by putting a small steam cylinder over the press and connecting 
its piston with the moving weight. One would suppose that the 
steam would have to be introduced into the cylinder by a valve, 
and cut off at each stroke, in the same manner as in a steam 
engine ; but that is not the case at all. The steam is simply 
introduced under the piston from the boiler, the steam in the 
boiler being kept at a tolerably uniform pressure for providing 
other power; and the parts being proportioned to balance the 
weight at that pressure. I have seen such cylinders from six to 
fourteen inches in diameter connected with large presses and 
balancing the weight so that the power required to operate the 
machine, was merely that due to the work performed; the great 
muss of the pressing tools moving almost in equilibrium. 

Mr. John Coffin. —The first form used by us in our electric 
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straightening machine was one of those so-called positive friction 
clutches, which are frictional only in name. The friction being 
ereater on some member than on another makes a practically 
positive clutch of it. Such is the elutch used by William Sellers, 
and it is a very good elutch for the purpose. The elutch in use 
was a roller clutch, and it was very much like the ratchet on the 
old Willeox & Gibbs sewing machine. It consisted of rollers in 
place of balls. The clutch now proposed, which we are putting 
on, is an ordinary erab clutch engaged by means of a steam cyl- 
inder. It is necessary to have the first engaging force required 
very small, as the clutch is actuated by an electro magnet, and 
the plan is now to move a balance valve of a small steam cyl- 
inder and engage the clutch by that means. 

M>. Wilfred Lewis.--I would like to say that the clutch used 
on the boring mill is not a positive clutch at the start. There is 
a certain amount of slip, which enables the inertia to be overcome 
gradually, and after this amount is reached the clutch beeomes 
positive, 

Mr. Oherlin Smith-—I am very glad to hear in such a way from 
Mr. Grant. If he cannot see the faults which IT can see in my 
own presses, so much the better. Probably I am mora critical 
than a good many other folks; at any rate I hope so. 

The springs in fly wheels work excellently sometimes gener- 
ally in fact; and I did not say that I had wholly abaudoned 
them. I said that I had fallen back, for the present, on a sim- 
pler, but improved, clutch mechanism, in some new designs that 
I am getting out; and the reason is purely a commercial one 
our customers demand presses for so little money that it is almost 
impossible to put the refinements into them which we would like 
to. ‘They do not generally go into nice machine shops like Mr. 
Graut’s where they are very well taken care of. I find that a lot 
of costly réfinements put onto a press, are apt to give trouble after 
a time, because they are not properly taken care of by the class 
of cheap workmen operating them. But the spring in the fly 
wheel has, under certain conditions, an inherent fault. When the 
wheel commences to move the shaft gradually, by the spring 


vielding, the shaft gets under way and goes on at the specd of 
the wheel until the punch strikes. Then the shaft stops until the 
spring is compressed again and the wheel catches up with it on 
the down stroke. ‘This is apt to make a little noise or jar. Then 


where there is resilience caused by “ spring-drawing-dies ” or 
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with a press frame open in front, and hence not v ry rigid, the 
bar starts ahead of the shaft on the up-stroke, because whatever 
springs have been compressed react and give an additional 
‘boost ” to the thing, so to speak, and throw forward the 
shaft with more or less foree. If the speed happens to be high, 
the brake has to be adjusted so tight that there is a eood deal of 
lost power. It is easy to control a press under almost any con- 
ditions, if you put enough brake upon it; but, as before stated, 


the chief objection to the various contrivances which require a 


heavy brake, is this matter of losing power. It is especially 


noticeable when running a press ne arly continuor isly, for instanee 
when feeding a long bar of iron through to punch a row of holes 
in it. The brake (if a plain, ordinary one) is in action all the 
time, and must be tight enough to stop the clutch properly when 
you get to the end of your bar, and yet it is needed only at 
the last instant. IT have known a moderate-sizi pr 

four or five horse power entirely thrown away by having the 
brake set tight eneugh to control it. L think if Mr. Lewis had 
tackled regular power presses that go among all sorts of Irishmen 
(or, say, Philadelphians) to mn, he would find. perhaps, that his 
clutch needed moditication, to make it meet all th varying con- 
ditions of speed, and inertia, and gummy oil, and reacting dies, 
and the going in and out of gear a hundred thousand times a 
day or more. | hope that Mr. Li Wis has got ahead of all of 
on his automatic stop clutch, but think it needs testing on actual 
presses of a great many kinds before it ean be ealled a press 
clutch. 

Mr. Crane speaks of balancing presses. That is all rieht for 
large drawing-presses or in any heavy slow-running presses, but 
in these little quick-running presses having to go 150 times a 
minute, you must not put much on the shafts to balance them— 
steam cylinders, or anything of that kind. You must have some- 
thing that is very simple and ve ry quick acting. 

Mr. Coffin speaks of the roller friction clutch. I do not eall 
anything a positive action unless it puts the wheel and shaft in 
absolutely the same relation every time, so if the thing is thrown 
out under the same conditions it will alw: ays stop at exactly the 
same angle. Anything that thrusts a wedge between is not quite 
SO positive as that. Of course an ordin: ary friction clutch is not 
positive at all. I think and hope that the time will come when 
some form of friction clutch will be adopted, but it hasn't yet got 


4 
4 
4 
‘ 
i 

a 

4 


170 POWER PAESS PROBLEMS. 


here. The most successful one I ever contrived had a V groove 
in the interior of the rim of the fly-wheel, and by having this 
groove with its sides at a small angle I did not have to push the 
shoe out with very much force to get my friction. It locked itself 
tighter by an eccentric the harder the pull upon it, and was un- 
locked by the action of the trip connected with the treadle. It 
worked beautifully in the shop for several weeks, but there were 
practical difficulties with it when it got out among the tinmen, 
aud they had sore trouble. The consequence was we took it off 
and put on an ordinary elutch. I ean’t help thinking it was all 
the tinmen’s fault—but Ive not yet built any more. 

Mr. Grant.—The press of which I spoke has run ten hours a 
day for a year—hard work, too. 

Mr, Stiles—The time Mr. Grant has used his press is so short, 
compared with the time a well-made press will remain in good 
working order, judging by those which have been in constant use 
for the last twenty or twenty five years, it seems quite too soon to 
attribute to the elastie clutch all Mr. Grant claims for it. 

Mr. Oberlin theoretically perfect connection between 
a press fly-wheel and shaft would be a clutch device which was 
elastic when the engagement was made, but which would lose its 
elasticity during the down stroke before the dies commenced 
their work. By that time the engaging device should be auto- 
matically locked so that there could be no “ back-lash” when the 
stresses were reversed in direction. There should, however, be 
an easy way of arranging-a useful back-lash, through an angle of 
several degrees, when it was desired to back out a “stalled” pair 
of dies by jerking the fly-wheel by hand, and utilizing its mo- 
mentum as in a hammer; and this is an important practical 
point, often lost sight of. It must be remembered that this angu- 
lar space, or looseness, is (in all ordinary clutches) necessary, also, 
to give ¢/me enough, at fast speeds, for the engaging device to get 
home—that is, fully into gear. And, as b>fore said, it is this 
very space that wants abolishing during a certain part of the 
stroke, providing the press is running in a forwurd direction, and 
by the de/t, rather than by hand. Furthermore, all this mechan- 
ism, with its temporary elasticity, its take-up and let-out devices, 
etc., should be engageable with the fly-wheel at any point—or at 
any rate at several points—during its revolution. 

For some years past I have pondered upon various air-spring 
devices to get a temporary elasticity, but have thought of nothing 
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cheap enough to meet commercial conditions. Mr. Munger, one 


of the Standard Oil Co.’s superintendents, has recently carried 
out this idea successfully (from a mechanical point of view) by 
mounting upon one of my fly-wheels a piston and cylinder, lying 
tangentially between an inwardly projecting arm from the wheel 
rim and an outwardly reaching arm from the disk engaging the 
clutch—all being after the manner of a pneumatic door-spring, or 
the ordinary dash-pot. I fear, however, that the average power- 
press buyer would not be willing to pay for all this—and mightn’t 
keep it in good order when he got it. In the e ise just mentioned 
(Mr. Munger’s) such a device was unusually necessary, because 
the shaft driven by the clutch was geared to other fast-run- 
ning shafts which were heavily loaded, and the inertia was conse 


quently great. 
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COLZESH., 


AN INVESTIGATION AS TO HOW T0 TRST THE 
STRENGTH OF CEMENTS. 


BY JEROME SONDERICKER, BOSTON, MASS. 


INTRODUCTION. 


Tur following paper gives an account of an investigation made 


in the laboratory of Applied Mechanics of the Massachusetts In- 


stitute of Technology by Mr. Jerome Sondericker, instructor in 
the department, in order to determine what are the proper met) 


i 


ods to be pursued in testing the strength of cements. While the 
investigation is not yet complete, it is believed that a perusal of 
the tables of results will show that by means of the apparatus thus 
far devised, a large part of the irregularity common in such tests 
and usually attribute d to lack of lhomogene ity in the cement it self, 
has been eliminated, and, hence, that a much larger portion of 
such irregularities than has generally been imagined must lave 
been due to imperfections in the me thods of testing cement that 
are in common use. It is presented in order to bring the matter 


before the Society, and to elicit discussion. 


GAETANO LANZA, 


(Member of the Society.) 


Within the past year there have been designed in the Labora- 
tory of Applied Mechanics of the Massachusetts Institute of Tech 
nology apparatus for testing the compressive and tensile strength 
of cement which are believed to possess some valuable features. A 


description of the apparatus and some of the results obtained from 


them will be presented in this paper. 


COMPRESSION APPARATUS. 


The compression apparatus was designed for testing not only 


cement, but also stone, iron, and other materials of construction, 
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It was made to be used with an Olsen 50,000 1b. testing machine. A 
side view of it is shown in Fie, 44. Thetwo pieces of stec l, A and 
2, are titted to the slot in the middle 


of the movable cross-head of the ma- | 

chine and are bolted together by two 3 
i inch bolts, These pieces receive 

the upper compression plate, which 
is secured to them Ly means of the 
ceuter bolt, one inch in diameter. This \ 
plate is five inches in diameter. It is a 2 
provided with a spherical bearing of 


two and one-half inches radius. the 


center of the spherical surtaee being at 
the center of the lower surface of the L 2 
plate. The washer, C. is also provided Fig. 44. 


with a spherical bearing surface concentric with the other, in order 
that it May have a firm seat in any position of the plate. 
lower compression plate is a cylinder one and one-half inches thick, 


and five inches in diameter. It is doweled to the platform of the 


machine, its center being exactly under the center 


plate. Concentric circles are described on its upper surface to 
ndinit ot centering the specimen to be tested. Both plates are 
made of steel, their working surfaces beivg hardened and ground 


plane. 
Two requisites of apparatus for testing the compressive strength 
of specimens provided with plane bearing surfaces are as follows: 
Ist. When adjusted in position, the plates shall beat uniformly 
over the whole surface of the specimen. 


} 


2d. During the progress of the test the moving plate S1ii 


main parallel to its first position. 

These conditions were designed to be satisfied, as nearly as pos- 
sible, in the apparatus just described by the following means: 

Ist. By providing the spherical bearing so as to make the upper 
plate adjustable. 

2d. By making the radius of this bearing sufficiently large, so 
that the friction due to the pressure exerted, aided, if necessary, by 
tightening the nut of the center bolt, would be sufficient to prevent 
slipping from taking place, due to any eccentric pressure ; such as 
would occur, for example, in the testing of a long iron specimen as 
a result of its side deflection when near the point of rupture. 

In order to secure a uniform bearing over the surface of the 
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specimen, the plate is suspended loosely in its socket; then, the 
specimen having been placed in position on the lower plate, the 
upper plate is brought down upon it slowly, at the same time being 
adjusted by hand approximately parallel to the surface of the speci- 
men, As soon as the plate comes in contact with the specimen, it 
tips about its center until it comes to an even bearing. 

In order to determine whether the friction of this spherical 
bearing woald be sufficient to prevent slipping in ordinary testing 
operations, in case the pressure should become eccentric, a wrought 
iron specimen: five inches long and one inch in diameter was tested, 
At intervals during the progress of the test, the distances between 
four points, 90° apart, near the outer edges of the plates, were 
calipered with a micrometer caliper reading by graduation to 
thousandths of an inch and by estimation to ten thousandths. By 
this means no slipping could be detected, even after the pressure 
had become eccentric to the amount of one-eighth of an inch, due 
to the side deflection of the specimen. This would correspond to 
a frictional resistance in the bearing of about .04 of the normal 
pressure. A second experiment was made to determine the amount 
of eccentricity which would just produce slipping in the joint when 
not oiled. <A cylinder of iron, one inch in diameter, was submitted 
to pressure on its curved surface, and the eccentricity necessary to 
produce slipping under various loads was noted. The test was 
performed as follows: The plate was clamped in position suffi- 
cently firmly to prevent slipping under the eccentric load, by tight- 
ening the nut on the center bolt. The specimen was then placed 
eccentrically in the machine and subjected to various pressures up 
to 10,009 lbs. After applying the pressure the nut was loosened, 
thus allowing the friction of the ball joint to act alone in resisting 
the moment of the eccentric load. It was found by this means 
that, for all the loads tried, the plate began to slip when the eccen- 
tricity amounted to three-eighths of an inch. This would correspond 
to a coefficient of friction in the joint of about .12. Nouse has been 
made thus far of the center bolt except for suspending the plate, 
and for this purpose, of course it might have been made much 
smaller together with the plate A. It is desirable, however, to 
have some means for fixing the plates parallel to each other, and 
also for providing for extremely eccentric pressures. The center bolt 
answers these purposes. It will be noticed that as the center of the 
spherical joint is in the center of the lower face of the plate, this 
point remains stationary in all positions of the plate, so that the 
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pressure upon it is central however it may be inclined; also, the 
minimum amount of sliding between the plate and specimen occurs 
as the plate is coming toa bearing. 

In testing a enbe of cement, two opposite surfaces are rubbed 
down with water on a piece of slate in order to remove any small 
surface irregularities. The load is at first applied rapidly up toa 
point well within the breaking load, and then slowly and at a uni- 
form rate of speed till fracture takes place. In order to ascertain 
the degree of uniformity of results to be obtained in the use of 
this apparatus, a number of tests have been made of two-inch cubes 
of both Portland and Rosendale cement, with and without sand, 
and from one week to three months old. Four cubes we re made 
at one mixing and all tested at the same time. Table [. gives the 


results of these tests, including the mean breaking load for each 
set of four specimens, the maximum variation of any one test from 
the mean, and the extreme variation occurring in each set. It will 
be noticed that the variations are quite small, the average maxi- 
muin variation from the mean being 1.9% and the average extreme 
variation 3¢. No extraordinary precautions were employed in 
making these tests; they are believed to represent what may be ex- 


pected in the ordinary use of the apparatus, 


TENSION 


APPARATUS. 


It is a well-known fact that the means commonly employed in 
determining the tensile strength of cement give results varying 
within wide limits, variations of 20¢ and even 80¢ in the strength 
of specimens of neat Portland cement from the same mixing being 
quite common, and this in the hands of careful experimenters. 
An examination of the report of Maclay’s experiments, published 
in the Transactions of the American Society of Civil Engineers for 
IS77, shows extreme variations in the sets of five specimens of 
neat Portland cement, having a sectional area of 2} square inches, 
as high as 35%; differences of 20% and more occurring frequently. 
These wide variations are assignable, partly to the impossibility of 
mixing the mortar and filling the molds so as to obtain briquettes 
of exactly the same strength, and partly to inexact methods of 
testing. 

Experiments have been made in the laboratory with the view 
of reducing that portion of these variations resulting from the 


methods of testing employed. For this purpose clips have been de- 
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signed which are intended to eliminate eccentric pulls in applying 
the load, 

Before giving a description of these clips, a few explanations 
will be made. The form of briquette in use in the laboratory is 
that shown in Fig. 45. The outline of the neck and 


| 


! bearing surfaces consists of circular arcs of one inch 
radius, terminated by straight lines tangent to them 
and having a slope of 1 to2 with the axis of the 
briquette. The sectional area at the neck is one 
a oo square inch. The clips first in use had flat bearing 
surfaces having the same slope as the sides of the 


briquette. They came in contact with nearly the 


whole of the flat portion of the sides of the speci 
inen, leaving a free space of about one inch between 
their points. Upon trial it was found that quite a 
mot large percentage of fractures occurred at the edyve otf 

Pig. 45, the clips. The following experiment was then made: 
Four narrow, thin strips of steel were inserted between the clips and 
briquette, so that the briquette bore upon these strips instead of upon 
the surface of the clips. It was found that as the strips were 
moved farther away from the neck of the specimen, the number 
of fractures occurring outside of the sinallest section diminished 
and at the same time the breaking strength increased, until when 
the strips were placed two inches apart nearly all the fractures oe- 
curred at the smallest section. Two inches was therefore selected 
for the distance between the bearing points of the clips for this 
form of briquette, The clips shown in Fig. 45 were then designed, 

Two guides, grooved to a depth of } inch are hinged to the 
upper clip. The lower clip is secured in the guides by means of 
the clamp screw 4; the springs B, attached to the upper clip, re- 
lease the lower clip from the guides when they are unclamped. A 
central pull is secured by means of two pairs of knife-edges at 
right angles to each other, the outer pair being inserted in the 
yokes which bear on the inner ones. The yokes are prevented 
from moving sideways by means of projecting points bearing 
against the sides of the clips. The bearings of the yokes on the 
inner pair of knife-edges are notched as shown in the figure; thus 
the yokes occupy a definite position. The outer knife-edges are 
adjusted so that their plane passes exactly through the axis of the 
clips, as are also the inner ones; thus the line of pull, which is 
determined by the intersection of the planes of the two pairs of 
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knife-edges, is made to pass through the axis of the clips when 
these are clamped. The bearing surfaces of the clips upon the 
briquettes are rounded, forming blunt points. 

These rounded bearing surfaces must be made accurately and 
used intelligently in order to secure reliable results. The points 
must be exactly central, and the bearing surfaces of the briquette 
square with its face; even then, the adjustment of the specimen 
in the clips by hand, in the ordinary Inanner, can only secure an 
approximately central pull, varying with the degree of care exer- 
cised by the operator and the conditions of the bearing surfaces of the 
briquette, The object designed to be attained by the clips just 
described is to secure a detinitely central pull, at the same time 
making the task of adjusting the specimen in the clips as simple as 
possible. The operation of testing is its follows: 

In order to prevent the lower clip from dropping when the speci- 
men breaks, a loosely fitting brass band is slipped over the bri- 
quette before it is placed in theclips. The lower clip is raised sufli- 
ciently to allow the specimen to be placed in position, and clamped 
firmly enough to support its own Weiglit. The specimen is inserted 
and the lower clip drawn down till the bearing surfaces of the 
briquette are just in contact with it. The briquette is then ad- 
justed so that its faces are flush with the faces of the clips. A load 
usually about one-half the breaking load is rapidly applied. This 
forces the blunt points of the clips into the specimen, thus obtain- 
ing a firm bearing before the guides are removed. The guides are un- 
clamped, the springs freeing them from contact with the lower clip. 
The stress is then applied slowly and at a uniform rate till fracture 


takes place. Before taking out the fractured specimen, the lower 


clip is clamped in position ready for another test. The only hand ad- 
justment is in placing the specimen flush withthe faces of the clips. 
The only possible eccentricity will be caused by the imbedded 
points not acting at the center of the specimen } if the points are 
themselves central and the sides of the briquette square, this will 
not occur. If, however, it does, it can be detected by the clips 
springing to one side when the guides are unclamped. The grooves 
in the guides of the experimental apparatus are unnecessarily deep. 
With shallower grooves, admitting of more rapid clamping and 
unclamping of the guides, it is believed that the operation of test- 
ing may be performed fully as rapidly as by the usual method. The 
adjustment of the specimen in position is so simple a matter that 
the clips may be used by any careful workman with a certainty of 
12 
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securing reliable results. The knife-edge bearings answer the 
same purpose that is claimed for conical points, and are less liable to 
be dulled by use with heavy loads. 

In order to determine the degree of uniformity in the results ob- 
tained by the use of this apparatus, 117 spevimens have been tested. 
They include both Portiand and Rosendale cement, with and with- 
out sand, and from 7 to 28 days old. The briquettes were made in 
sets of four, four molds being filled from one mixing. Three 
sets of speciinens were made at the same time from three dif- 
ferent mixings, using the same ingredients in all and attempting 
to obtain the same quality of mortar. Table II. gives the results 
of these tests, including the mean strength of each set of briquettes, 
the maximum variation from this mean in pounds and per cents, 
and the extreme variation occurring in each set in pounds and per 
cents. The three sets of specimens made the same day with the 
same ingredientsare grouped together and marked a,4,and ¢. Four 
of the specimens tested are exciuded from the table; these are re- 
ported in the column of remarks, with the reasons for their exclu- 
sion. It will be seen from this table that the maximum variation 
from the mean is included between 0.67 and 16.34, with an average 
of 5.7%. The extreme variation in strength in each set is from 1.2¢ 
to 25.6¢ with an average of 9.7¢. The cement was in each case 
unsifted, and the sand (ordinary coarse sand) sifted but not washed. 
The mixture was in each case of about the consistency of ordinary 
mortar, 25% of water being used with the neat Portland and 37}: 
with the neat Rosendale cement. It is believed that these results 
represent what may be expected in ordinary testing operations by 
the use of the clips described. 


EFFECT OF AN ECCENTRIC LOAD. 


In order to determine the effect of a slightly eccentric pull, the 
experiments recorded in Table ILI. were made. — Briquettes of the 
same mixing are grouped together. In the sixth test, the bri- 
quette showed a large cavity near one edge of the fractured section. 
This, doubtless, decreased its strength considerably. The effect of 
such a cavity cannot be estimated wholly by the area it occupies, as 
it also causes a non-uniform stress at the section. Briquette No. 8 
was first subjected to a central stress of 640 Ibs. without fracture. 
It was then replaced in the clips jy inch out of center, and broke at 
528 lbs. as recorded in the table. Omitting the second group, this 
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experiment shows a decrease in strength due toa pull 'y inch out of 
the axis of the briquette of 12¢ for the first group, 17¢ for the 
third and fourth, and 10¢ and 9¢ for the fifth and sixth groups re- 
spectively. The ordinary formula for eccentric loads would give a 
decrease of strength of 274. <A greater number of tests would be 
necessary to determine the exact percentage of decrease of strength 
due to a slight eccentricity, but these serve to show the importance 
of gwuarding against eccentric stresses in cement testing, however 
slight they may be. 

The machine used in making all the tensile tests was a single 
lever SUS} nded in a wooden frame, the loads applied being indi- 
cated by a spring balance. This machine was tested at the conclu- 
sion of these experiments and found to be corre ct. 

The form of briquette used in making these tests is somewhat 
more slender at the neck and considerably longer than that recom- 
mended by the Committee on Cement Testing of the American So- 
ciety of Civil Engineers, No comparative tests have been made to 
determine the relative value of the two forms. There are two 


qualities, developed by testing, which a cement briquette should 
possess, 1. The fracture should take place at the smallest section. 
2. The breaking strength should be the maximum obtainable, the 
mortar being of ordinary stiffness. The latter requisite can only be 
determined definitely by comparative tests of different forms of 
briquette. In the tests just described, out of the 117 specimens 
tested, SS specimens, or 75%, broke at or within 1 inch of the 
smallest section ; 20 specimens, or 17%, at a distance of about i 
inch; 5 specimens, or 44%, at about $ inch; 4 specimens, or 334, at 
about 4 inch distance from this section. The areas of the cross sec- 
tions of the briquettes at these points are, at u inch, 1.015 sq. inches: 
at } inch, 1.06 sq. inches; at 2 inch, 1.15 sq. inches, and at 4 inch, 
1.26 sq. inches. None of the specimens broke within 4 inch of the 
bearing points of the clips. Further investigation will be made 
in this direction. 
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TABLE I. COMPRESSIGN TESTS OF 2-INCH CUBES. 


Max. var't’n Extreme va 


Breaking load Mean, riation. 


on 4sq.in, Mean 
of 4 specimens. 


Lbs. 


Cement. Age Remarks 


Portland, neat. 95 d. 22,540 440; 2.0| 742) 3.8 
8S d. 18,981 181 270) 1.4 

15,982 82; 0.5) 145) 0.9 

9d.6h. 9,554 69; 0.7; 122, 1.8 

= 9d. 1h. 9 473 97| 1.0! 179) 1.9 

28 d. 21,614 101. 0.5 180 0.9 

14d. 5h. 17,867 242: 1.8) 875) 3.1 

13 d. 20h, 16,469 269 | 450) 2.7 

7d. 1h. 10,061 164/ 225) 2.2 

8 pts. sand. 14d. 2,269 54) 2.4 92) 4.0 
Rosendale, neat. 76 d. 9,226 159: 1.7| 265) 2.8 
24 d. 4,210 310) 7.4) 

1 pt. sand, 14 d. 1,429 37 2.6 5.0 
1.9 3.0 


TABLE Il. TENston Tests. (Briquettes 1 sq. inch section.) 


Breaking Extreme 
tion from 

Load Mean Variation 
Cement. Age. Mean of 4 7 Remarks 

specs 

bs 

Lb Ibs % lbs 


Portland, neat. (a) 616 4.5 : 
28 d. (b) 651. 15 2.8) 24) 3. Mean ot 3 specs. 4th broke in 
r AVity at 4092 lbe 
28 d. (c) 620 26 =4.2) 50, 8.0 Mean ofa specs. 4th broke in 
irg aVity at lbs 
14d. (a) 490 34 7.0 60 12.2 
14 a, (b) 523) 55 10.5) 82) 15.7 
14d. (c) 521 3.6) 36) 6.9 
18d.19h.| (a) 573) 27) 4.7) 54) 9.4 
( 1\ ,| ro Mean of 3specs. 4th placed 
Idd. 19 h. (b) 35 6.2 o8 10.3 centrical y in clips and broke 


at 482 lbs 


Mean 
id (b) 324; 3 0.9) 4) 1.2 ry 
7d. (c) 312} 2 0.6) 4) 1.3) 

14 d. (b) 90+} 7 7.8) 12)18.8 

i ie 14 d. (c) 86 14 16.3) 22) 25.6 
Rosendale, neat, 24d, (a) 176 4.5 14) 8.0 

24d. (b) 170 10 5.9) 20 11.8 

24 d. (c) 176; 5 2.8) 4.5 

14d.4h. (a) 94) 8 8.5! 12) 12.7 

14d.4h./ (b) 97} 2 2.0 3 38.1 

14d.4h.| (c) 88 & 9.1 12/13.6 

18d.19h.' (a) 76 3 4.0 5) 6.6™ anof3 specs. 4th broken a 

“ “ 13d.19h.| (b) 84. 5 6.0; 910.7) 

13d.19h.| (ce) 88 6 6.8 1011.4 

9 d. (a) 82) 2) 2.5 4 5.0 

9 d. (b) 67; 38 4.5 6 9.0) 

9 d, (c) 5 7.5) 10) 15.0 

1 pt. sand. |14 d. (a) 60; 6.7) 711.7 

14 d. (b) 59) 4 6.7) 711.7 

d, (c) 57) 5} 8.8 8 14.0) 


Mean..... 
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13d.19h. (ce) 550) 26 4.7) 46 8.4 
te 7d (a) 322) 8 2.5) 18) 4.0 
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TABLE III. EFFECT OF AN ECCENTRIC LOAD. 


No of Breaking 


Cement Aue Remarks 


Stress central. 
2 107 d 516 Stress central = 
107 d. 1444 Stress inch eecentric. 
107 d. Stress inch eccentric. 
\ 25 Stress central 

/ 6 23 d. Stress inch eccentric, 

\ i 23. d 632 Stress central 
Ss 23 d, 9284+ Stress ne h eccentric, 
nda) \ 24 d, 1800) Stress centra 

10 24d 108 Stress inch eccentric, 
Portland, neat, 11 12 d. Stress centra 
Means of 6 specimens 12 12d oe Stress inch eccentric. 
Rosendale, neat, j 13 11 d. central, 
Means of 6 specimens. ¢ 14 lid 78 Stress inch eccentric. 


DISCUSSION, 


Prof. Jas. Denton. you say how much the eccentricity 
is for the present arrangement ? 

Prof. Lanza—With usual cement testing machines in the 
market, where the clips are loose, the eccentricity will vary with 
the skill and care of the experimenter, and hence will not be the 
same in any two trials. How great will be its maximum value 
with any one special machine it is impossible to predict. To 
show the effects of eccentricity, Mr. Sondericker took our clips 
and made some tests where he first put the briquettes in centrally, 
and then put them in with an eccentricity of a sixteenth of an 
inch; the loss in strength was very considerable, and the results 
are given in the paper. 

Mr. Hl. de B. Parsons —I should like to make a few remarks 
on this paper, as it is important, since the branches of civil engi- 
neering and mechanical engineering are approaching in one or 
two points, and especially in the problems in which cement is the 
chief factor. In regard to the clip proposed by Prof. Lanza and 
Mr. Sondericker, those side bars or side clips, in order to keep 
the specimen straight, I think will be a serious objection in use 
in a laboratory where a great many tests have to be made for 


work in which large quantities of cement are used; and the time 
required to keep those side bars cleaned must be considerable. 


* Broke in a large cavity near edge of fractured section. 
+Subjected to a central stress of 640 Ibs. This was then removed and the 
eccentric stress applied. 
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The great objection to the method proposed by the paper is stated 
on page 177—* A load, usually about one-half the breaking load, 
is rapidly applied.” Cement is too brittle to have any load ap- 
plied to it suddenly and then left to stop even for an instant’s 
rest, and then the load applied a second time until the specimen 
is broken. I have myself broken a very large number of cement 
specimens, and at one time, through carelessness, I ran the wheel 
of the machine too far, so that I did not let the weight counter- 
balance. I stopped turning the wheel for a moment until I ran 
the weight out, and the moment I turned the wheel again and pat 
on more stress, the specimen broke. Now, as T had a’number of 
other specimens made at the same time, I immediately put some 
in the machine, and they broke on an average of 100¢ higher. 
Undoubtedly the reason of the first briquette’s apparent weakness 
was due to the irregularity of applying the load. I afterwards 
made some experiments on this point, and found that you could 
not rely on the strength of your cement, if, at any time during 
the testing, you stopped the pressure even for an instant. So far 
as eccentricity goes, | think that the present method of using 
cone points or knife edges at right angles prevents tle specimen 
from getting very far from the central line; and that the great 
difference shown in the results of tests is due more to careless- 
ness in mixing than to mechanical difficulties, although the present 
form of briquette is far from perfect. The mixing of cement with 
water is very often not done in a uniform manner ; and as cement 
receives its strength from chemical reaction, itis necessary that the 
briquettes should all be subjected to exactly the same conditions 
in order to obtain exactly similar results. Also in common prac- 
tice, the cement briquettes are often placed in zine troughs. The 
zinc troughs, with the cement and water, which is apt to be impure, 
have a certain amount of chemical reaction ; exactly how much I 
am not prepared to say, but [ take the precaution of always put- 
ting my briquettes on glass. Another cause for difference in re- 
sults of tests is the practice of disturbing the briquettes before 
they are fully set; and the cement becomes injured internally. 
Now, as it takes many months for the chemical reactions finally to 
complete their work, this disturbance in 15 or 20 minutes is much 
too soon. I recommend that the cement be left in the molds 
for at least 24 hours, and covered with a damp cloth—not a wet 
cloth—so as to prevent the upper surface of the briquette from 
drying more rapidly than the rest. Now if these precautions are 
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followed out, the results will be found to agree wonderfully well. 
I have myself made tests where there were four specimens, and 
two broke at exactly the same figure ; one specimen broke at two 
pounds less, and the other at eight pounds above, and the aver- 
age pressure upon each was about 280 pounds. In Prof. Lanza's 
experiments, the close agreement of his results are to be attrib- 
uted, in my opinion, rather to the precautions taken for a uni- 
form treatment of his briquettes, than to the mechanical devices 
deseribed in his paper. 

Prof. Denton.—The remarks of the last speaker give a good 
many instances of how delicate a matter it is accurately to meas- 
ure the tensile strength of cement. I have had an opportunity 
to verify that., The whole question of testing cement is a very 


delicate one. The tensile strength bas very little connection with 
the usefulness of the cement, but it governs whether the cement, 
after having been made as carefully as possible, shall be accepted 
or not, and any refinement which can reduce the accidental error 
so that duplicate tests can more n¢ arly agree is a very valuable 
one. It can only be arrived at by putting on such adjustments as 
Prof. Lanza has explained. I think the work is therefore a very 
valuable contribution. 

Prof. Lanza.—In regard to Mr. Parsons’ first criticism, there is 
no difficulty in keeping the side bars or guides clean, for they 
never get dirty in use, as nothing comes in contact with them to 
make them dirty. 

As to lis criticism on our applying one-half the breaking load 
rapidly, it seems to me that the word rapidly must convey to him 
a different impression from that intended ; it is merely meant that 
this portion of the load is applied more rapidly than the remain- 
der. Nevertheless Mr. Parsons seems to think that the mere 
fact of stopping to loosen the guides will vitiate the results. 
However this may be, it is not necessary that any stoppage 


should be made in the testing, and hence this is not a eriticism 
of the apparatus used and advocated in the paper. In point of 
fact, however, a stoppage when the load has not vet passed half 
the breaking load cannot have (of itself) at all as great an effect 
in producing lack of uniformity as Mr. Parsons implies ; for, in 
our tests we do not get (although we have made the stoppage) 
any such large variations. 

Mr. Parsons then attributes our uniform results to our care in 
securing a uniform treatment of the briquettes rather than to the 
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method of making the tests. We do necessarily take every pre- 
saution to secure a uniform treatment, knowing full well that 
without that we could not secure uniformity of results. But if 
the apparatus had no influence in producing uniformity of re- 
sults we should not obtain any greater regularity than others 
who have taken equal care in the treatment. 

As a matter of fact, however, Maclay, who is, I suppose, one of 
the most careful experimenters with the ordinary machinery, ob- 
tained a variation of 20% very frequently, and sometimes as much 


as 35”, while we do not get such variations. 
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CCLNNIL 
FRICTION IN TOOTHED GEARING. 


BY GAETANO LANZA BOSTON, MASS 


Member of the Society 


Devore presenting to the society a paper equa- 
tions, a brief statement will be made of the hat led to 
W riting it. the assumptions on which the work is based, and the 
conclusions which seem to be warranted by the results of the come 
putations. At the last annual meeti) 
gear teeth was presented, written by Prof. Reuleaux, and certain 
conclusions were draw) by him, one of which was th it the work 
lost in friction is greater with the involute than with the epicy- 
cloidal form of tooth. This conclusion, as well] 
others which he drew, was challenged 


ot 


as some of the 
by several of the member 
the society, who. 


i 
‘ 


making their computations by other method 
which they claimed were he opposite 
conclusions from Prof. Reuleaux in the cases referred t 


in ot her Causes, 


more exact, drew precisely t 


0, ANC also 


} 


Moreover, Prof. Reul work, and also all thr asoning of 


his opponents, were based on purely theoretical rounds, and al] the 
solutions presented were approximate, Indeed, all the 
that the writer has seen in | 


Ilerrmann, and Moseley, 


solutions 
wint, including those of Rankine, 
are only approximations, 


The present investigation was undertaken in order to determine, 


if possible, who, if anv. were right in their conclusions. 
While the writer is one who believes that this question can only 
he correctly answered by experiment, and that t] 


i@ experiments to 
be made will requ 


ire very delicate measurements, and 
rate experimental knowledge than is now possessed of the small 
errors of dynamometers, nevertheless, in the I 
reasoning is upon a purely theoretical basis, | 


but no approximations 
have been made in the deduction of the formuls fo: the work lost 


‘y of the gears when the 


a& more accu- 


resent paper, the 


in friction, and the consequent efficien: 
friction of the journals in their bearings is not taken into account, 


* No. CCXVII. Trans. A. S. M. E.. Vol. VIII, p. 45. 


paper” on thre efficiency t 
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this being the only ease to be considered here, Ilence the correct- 
ness of the results depends only upon the correctness of the as- 
sumptions made to start with, and these will now be discussed. 
Although the present paper deals fully as much with the practical 
cases Where more than one pair of teeth are in action at once, as 
with the case where only one pair isin action at once, nevertheless, 
the assumptions made én this latter case will be discussed first, as 
that is the only one that is dealt with by Reuleaux and the other 
writers referred to above, 

The efficiency of any pair of gears will be different for every 
different distribution of the pressure, and this will, when only one 


pair of teeth is in action at once, varv with the variation of the 


work done by the following, and the variation of the ener 
i 


ey jm- 


parted to the dris ing gear of the pair. To co.npute the ef iciency 


of agiven pair of gears for every possible distribution of the 
pressure that can occur in practice would be an impossibility. 
ITence it would seem to be reasonable to adopt for om assumption 
in this regard, one which should be fulfilled in a large number of 
practical cases, and we should then have an exact solution for these 
cases, Whereas, for gears under different conditions the results of 
our computations can only be considered as approximate. 

The assumption made in this paper, whether one pair or more 
than one pair of teeth are in action at once, is that the moment of 
the resistance is constant. This is equivalent to assuming that the 
work done by the follow ing gear is constant. The above, and the 
ordinarily accepted laws of friction are the only assumptions made 
in the case when only one pair of teeth is in action at once. 

When two pairs of teeth are in action at once, it becomes neces- 
sary to make another assumption in addition to that of a constant 
moment of resistance, as this alone does not determine the way in 
which the work is divided between the two pairs of teeth in action. 
Formule are worked out in this paper, based upon each of the two 
following assumptions, viz. : 

(a) That the work done, and hence the moment of the resist- 
ance, is at all times equally divided between the two pairs of teeth 
in action. 

(b) That the moment of the resistance is so divided between the 
two pairs in action as to cause them to wear equally; this being 
the assumption proposed by Mr. Hugo Bilgram. 

When (4) is used, a third one has to be made, and that adopted 
here is that the wear, as estimated in a normal direction, is propor- 
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sliding.* 

By way of a summary we may say that when assumption (a) is 
used the assumptions made are the following: 

1. The ordinary friction theories. 

2. The constancy of the moment of resistance. 

3. The equal division of the moment of resistance between tle 
two pairs of teeth in action. 

On the other hand, when (/) is used the ussulMptior s made are 
the following: 


The ordinary friction theories. 


2. The Constancy of the moment of resistance. 
3. The condition of equal wear, 
4. The proportionality of the normal wear to the product of 


the normal pressure and the velocity of sliding. 

Before discussing the results which will be fonnd later in this 
paper, it will be observed that, after the deduction of formule for 
the efliciency of gears in the case where only one pair of teeth is 
in action at once, the numerical efficiencies of certain special cases 
of epicycloidal and involute teeth have been computed, which will 
be found on pages 195, 196; and it secins to the writer that from a 
consideration of the formulze and « xamples we may fait ly conclude: 


1. That whether the epicycloidal or the involute form of tooth 
is the most efficient depends upon the proportions used for each, 
and that either one may be more efficient than the other according 
to the way these proportions are chosen, 

2. That the efficiency of involute gears is not, as lias been 
claimed by Mr. George Lb. Grant and others, indepx ndent of the 
obliquity ; the reason why they have drawn an erroneous conclusion 
in this regard being the approximations which they have introduced 
into their work. 

3. The differences between the efficiencies deduced for the four 
cases Computed are so small that it seems to the writer that they 
could be easily masked by any of the following matters : 

(“t) Dy any variation in the coeflicient of friction. 

(b) By any inaccuracy in our friction theories. 

(¢) By any irregularity in the distribution of the pressure. 

4. Hence follows the conclusion already stated, that the ques- 
tion can only be correctly answered by experiment. 

* This the writer supposed to be in accordance with a suggestion made by Mr. 
Bilgram, See Trans. Am. Soc, Mech, Eng’rs, Vol. VILI., page 76. 


tional to the product of the normal pressure and the velocity of 
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CASE WHEN MORE THAN ONE PAIR OF TEETH ARE IN ACTION AT ONCE. 


As to a choice between the two assumptions of equal division 


of work, or of equal wear, we must observe: 


1. The formulze based upon the first are identical with those 
deduced for the case where only one pair of teeth is in action at 
once, and they are far simpler than those based upon the last as- 
sumption, 

2. Although the arguments advanced by Mr. Hugo Bilgram in 
favor of the equal wear theory possess some plausibility, it is not 
at all certain that the wear is equal. 

3. The assumption that the normal wear is proportional to the 
product of the normal pressure and the velocity of sliding, which 
we make use of when we adopt the equal wear theory, is in accord 
with what may be called the more modern theory of friction, and 
although this Jast is more popular than the older theory at present, 
nevertheless it is known that in certain cases of pivot friction it 
leads to conclusions which are manifestly absurd. 

4. Finally, an inspection of the table on page 204, in which are 
determined the efficiencies of what the writer believes to be the 
Brown & Sharpe system of epicycloidal and involute gears, will 
show such small differences between the two forms, that as it seemis 
to the writer, they might be easily masked by any of the matters 
mentioned before as liable to mask the differences when only one 
pair of teeth is in action at once. 

5. The smallness of the differences between the results of 
making the computations by the two different assumptions would 
warrant our using the first, on account of its greater simplicity, 
whenever it is desired merely to determine the efliciency of the 
gears ; and, as has been already stated, it does not seem to the writer 
that we are warranted in making comparisons between different 
kinds of gearing, en the basis of such small differences as these in 
this table. The formule will now be deduced, and the tables of 
results given. In the case, however, of the assumption of equal 
wear, the formule will be given, but their deduction will be 
omitted on account of its length. 

In this discussion the friction of the journals on their bearings 
is left out of consideration, and the weight of the gears is assumed 
to be without appreciable influence, and the notation used is sub- 
stantially that of Moseley. ‘ 
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Let the center of the driver be B; and that of rhe follower, C 
Let P, be the driving force, its leverage being 


LD 


Let P, be the resistance, its leverage being 


COZ = 


ONLY ONE PAIR OF TEETH IN CONTACT AT ONE ‘TIME. 


We will first consider the ease when only one pairof teeth is in 
contact at one time. The resultant pressure between the two teeth 
in contact (see Fig. 46) must make an angle @ (the angle of fric- 
tion) with the common normal at the point of contact; hence its 
line of direction will be NM, where the angle APN=q. If we 
denote its magnitude by 7, we must have, from the conditions of 
equilibrium, if we let BIZ = m, and CNV = ma, 

P.a, = Rw, (1) 
Pay = Ring. 


Pa 
Ms 


And these equations must always hold, whatever the form of the 
teeth. 


/ 
aP 
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We must next determine the values of #7,, and m,, observing that 
the expressions which represent them during the approach will be 
different from those which represent them during the recess. Their 
values during the approach may be deduced as follows (see Fig. 46) : 

Let BA = 7,, CA = 1, AP = A, this being the length of the line 
joining the pitch point with the point of contact, and let the angle 
PAB = 4. Then we have from the figure, 


m, = BM bt+tM=r,sin BAt + Asin PAt; 


or m, 7, sin (4 — pm) + Asin (+) 
m, = CN = CS — SN =7, sin SAC — Asin APN; 
or My = sin (4 — mw) — Asin (5) 


On the other hand, we shall have, during the are of recess (see 
Viv. 47), the equ itions 
m, = 7, sin (A+ m) + Asin (0) 
My = ry sin + — Asin (7) 
By substituting these values of a, and am, in equations (1), (2), 
and (3), they will assume the following forms, which hold, what- 
ever be the forms of the teeth. 


/ 
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Fig. 47 
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Approach : 
Pia, = Rr, sin (6 — + RA sin op. (8) 
Pya, = Rr, sin (6 — wm) — RA sin 

14 A sin 

Pay, 7 rysin 


(10) 
My | sin | 


rosin( | 


Rr, sin (@ 4 + Pir sin (11) 


Py, Pr,sin (6 + m) — PRAsin wp. (12) 


1 A sin 
\ 
4 
A sin 


rsin( q) } 


Let now 7 denote the angle turned through by the follower since 
the time when the point of contact was on the line BC: then will 


the corre sponding angle turned through by the driver be 


and we shall also have 
di elementary angle turned through by the follower, 
“dy elementary angle turned through by the driver. 
: 


Now let 


angle turned through by follower during approach. 
ts angle turned through by follower during recess, 
U, = work done by driver during approach. 

(7, = work transmitted by follower during approach. 

’, = work done by driver during recess. 

U7, = work transmitted by follower during recess. 

Then we can readily obtain from (10) and (13) the following 
equations : 


Approach : 


A sin @ | 


( j 
U,= ap =| Poite | | dy. (14) 
| 
| 
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Recess: 
A sin 
7, sin (4 + | 


dit, 
A sin @ 


1(4 + Pp) 


And these two equations are entirely general ; 7. e., they always hold, 
whatever the form of the teeth, and whatever assumption be made 
in regard to the way in which the pressure varies at different 
points in the path of contact. 
Under the assumption of a constant moment. of resistance, they 
become: 
Approach : 
A sin 
sj 
U, 
A sin 
9 sin (@ - 
Recess : 
A sin 
sin (4 
JA sin 
sin (0 
And we then have also 


Pya. 
= 


and from these equations we can find the efficiency 


EPICYCLOIDAL TEETH. 


The only cases that will be discussed here are those where the 
same describing circle is used for the approach and recess. 


Let y = radius of the describing circle, and let 


0 0 | 
| 1 — 
{ Sil 
U; 
U, + U, 
U, + 
' 
a) 
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Then we shall have as 


shown in the figure, where 
BA CA 
a A A. 


ry. 


e ADP=" 4, 


and A = AP = 2r sin 


/ADP\ 


sin 


Also it will be evident from the tigure that 


DAP= = er. 


if: — 


If we make these substitutions in equations (16) and (17), and 


make the necessary integrations, we shall obtain 


Approach : 


Pate (12) (1422) Joys — (2742 )tan cos 


Recess : 
Pate | Qp\ | 

(147) (1-27) taney 


Having found the values of (7, and U3 as above, we ean readily 


deduce the efficiency whose value is 


U,+ U, 
O,+ Us 

When 7, = #, or the driver becomes a rack, we merely substi- 
tute its value; certain terms drop out, and there is no indetermi- 
nation, 


193 q 
4 
Are AP = c 
/ 
4 
| 
) 
(18) 
1 + (1 + tan? 
2r 27 
ébe— + andlog«{ cose’. +] 1 tandsined. 
7 14 (1-77) tan 
| 
13 
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When 7, = 2, or the follower becomes a rack, we must make 


certain substitutions as follows: 


Let A, = ry = are of approach. 


Let A, = 7s. = are of recess. 


Observe that in this case a, = 7». 
Then we may write 


If these substitutions be made, we have the formula which 


applies when the follower is a rack. 
Before making any numerical computations under this case, we 


will first deduce the corresponding formule for involutes. 


INVOLUTE TEETH. 


Let angle PAD = »= the obliquity. Then if P is the point 
of contact corresponding to the angle # turned through by the fol- 


lower, we shall have 


A= AP= rif Cos , 
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Pya { 2) 
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Ilence from equations (16) and (17) we obtain : 


Approach : 


72 


‘ry, 


cos sin @P 


+ og. (1 


cos sin 


) (20) 


COS (7) + @) 


Recess : 


rs \ CoS (77) — @) COS ») Sil @P 9 


Sin cOS (7) — g 


When 7, 
tute this value, certain terms drop out, and there is no indetermi- 
nation, 


When 7, = x 


and (21) would become indeterminate. 


©, or the driver becomes a rack, we merely substi- 


, or the follower becomes a rack, equations (20) 


To remove the indetermi- 
nation put d= 7, and for 4 write —, where A = 7,/, and intro- 

duce A as the independent variable, and put 7, = © before making 
the integrations, 


We thus obtain 


Approach : 


| 


COS(1) + @P) 


Recess 


cos(y — 


EXAMPLES. 


In the following four examples we will assume a pair of 30-tooth 
wears, the diameter of whose pitch circles is 15 inches, the addenda 


being so taken as to give one tooth contact. This will give us in 
all four cases: 


Assume in all cases tan mg = 0.1. 


I. Given r= 1.875, the teeth being epicycloidal. Find the 
efficiency. 


Result, efficiency = 0.9895. 


IT. Given 7 =3.'75, the teeth being epicycloidal. Find the effi- 
cieney. 


Result, efficiency = 0.9886. 
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III. Given 7 = 14°, the teeth being involutes. Find the efti- 
ciency. 

Result, efficiency = 0.9901. 
IV. Given 7 = 18°, the teeth being involutes. Find the efti- 


ciency. 
Result, efficiency = 0.9594. 


CONTACT. 


TEETH 


TWO OR MORE PAIRS OF IN 


Let P,. P., a, a, have the same meanings as before. 
Let # denote the resultant pressure between the forward pair 


of teeth; #,, that between the second, ete. 
Let m,', m,", ete., be the perpendiculars from 2 on PR, 72, ete.. 


respectively. 
Let m,', m.", ete., be the perpendicuiars from C on ete., 
2 l 


respectively. 
Then we must have the equations 


Pia, = Rm + + ete., (24) 
P.a,= Rm, + + ete. (25) 


And, moreover, the pressures ?2, 2, ete., make angles gm with the 
1 
normals at the points of contact as shown in the figure. In order 


to work out the efficiency of a pair of gears where more than one 


pair of teeth are in contact at the same time, it is necessary to 


make some assumption in regard to the way in which the work is 


divided between the different pairs of teeth. 


ASSUMPTION OF EQUAL DIVISION OF WORK. 


Let 


a = pitch angle, 


angle of approach, 


¥, = angle of recess, 


> 


all measured on the follower; and let 7 a, / a, so as to in- 


clude all cases where two pairs of teeth are in contact simulta- 


neously, either all or a part of the time. 
The assumption of equal division of work gives: 


2Rym,". 


Rms = Rim, 


Pt, = 3Rm,' = 


= 
4 
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Now, we shall ascertain the work required to be exerted on the 
driver during the action of one given pair of teeth, by separating 
the whole period #, + 4 of contact of one tooth on the follower 
into the several parts, when two pairs are engaged, and when one 

AP 


| 


g. 50 
VP 

pair alone are engaged, and then determine the work to be exerted 
on the driver corresponding to each of these parts. Then, by 
adding them all together, we shall obtain the entire work corre- 
sponding to the angle + 

Now, let us call the angle made by a tooth with the line of cen- 
ters, the angle made with the line of centers by the radius of that 
point of the face of the tooth that lies on the pitch circle. Then we 


shall have, in the motion of any one tooth, the following four stages ; 


moreover, to fix the ideas, we will assume the path of approach 

to lie to the left, and that of recess to the right, of the pitch point: 
1°. From angle 7, toangle a — #, to the left of the pitch point 

the tooth is in approach while the tooth ahead of it is in recess. 


= 
4 
a 
| 
/ 
a 
\ 
> 
} 
} 
\ Ma 
\ 
\ 
q 
\ 
R 
/ | 
| 
j 
| 
4 
Fi 
_* 
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2°. From a — 7 to 0 the tooth is in approach and is 


acting 
alone. 


3°. From 0 to a — 7; to the right of the pitéh point the tooth is 
in recess and is acting alone. 

4°. From a — 7; to xy the tooth is in recess with the tooth be- 
hind it in approach. 

Moreover, we have also: 

5°. The corresponding angles for the forward tooth correspond- 
ing to 1° are 


a — and 


6°. Thecorresponding angles for the rear tooth corresponding to 
4° are 


and a — 


Now the angle from 4; to a — 7, of the approach, and also the 
angle from a — 7; to yy of the recess is passed over by two pairs of 
teeth successively, each pair having the moment of resistance 
Pa, 


, Which is equivalent to having one pair of teeth pass over these 


angles with the moment P,4,. The remainder of the angle ; + 7s. 
7.e., that from a — 7, to 0 of the approach and that from 0 to 
a — y, of the recess by only a single pair of teeth having the mo- 
ment of resistance P,a,. Hence the work done by the driver 
while the follower turns through the angle 7; + 5 is 


A sin 
r, sin (4 — 


A sin @ 


| 
dif 
| 


sin (4 — 


A sin p 
sin (7 + @p) 
A sin 


| 

dis. 
| 
| 


r,sin (4 + 


This is the same equation (in form) that was deduced for only 
one pair of teeth in action at once, and it is equally true (in form) 
for any number of pairs in action simultaneously. Hence we may 
say that the following are the formule for the work to be exerted 
on the driver while the follower traverses the angle 4; + 42. 


U, = Py, 
| 
4 
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EPICYCLOIDS. 


INVOLUTES. 


\ \cos + @) 4 cos » SIN @ 
) log, ( 1 ) 
ry COs 7) SIN cos (77) + @) \ 


Te cos (77) — @) cos ?) sin 
Pray - + ( 1 + ) log ( 1 ) 
cos 7) SIN @ cos (7) @) 


these formule being the same as those given when only one pair 


of teeth is in action at once. 

When either the driver or the follower isa rack, the same course 
is to be pursued as was indicated in the case of one-tooth con- 
tact. It is also to be observed that when these formule are used 
for more than one pair of teeth in action at once, they are based 
on the assumption that the moment of the resistance is at all times 
divided equally between the separate pairs of teeth. 


ASSUMPTION OF EQUAL WEAR. 


In this case only the resulting formule will be given for epicy- 
cloidal and involute gearing, the deduction being omitted. 

Let (’ denote the work done by the driver during that part of 
the contact of a given pair of teeth while two pairs are in action ; 
and ¢," that done by the driver while only one pair is in action. 
Then we shall have 


EPICYCLOIDAL TEETH. 


27 tan sec ea 27 tan sec 
a= — ——, and = 
7, tan ea — 2vr tan mw 7, tan ea + 27 tan p 


a 
| 
27 27 27 27 : 27 

[: lev, (77+ 77) tan log [ cos ev, (1477 )tan siney, | 
9p \2 
) tants 
(26) 

(1 = Stand n log | ev, + (1 tar sin ew | 

+ 
ua 1+(1 ) tan? 
"2 

q 

Let 
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Then will 


y To, 
= (a 


tan ( ey, 


2 Fak 

In order to obtain the whole of the work to be performed upon 
the driver during the entire action of the tooth selected, we must 
add to (28) the work corresponding to the two middle periods when 
there is only one pair of teeth in action. This latter is to be 
found from the following formula: 


or 
> 


A sin Pp 
| 
7, sin (0 — @) 
dif: 
{ 
| A sin 
| sin (6 — p) 
A sin 
sin (4 4 

. | dip, (29) 

Asin p | 


sin (6 + 
by making the proper substitutions. Then we have for the total 
work to be done upon the driver, while the follower describes the 
angle + the expression 
U,' + U,". 
CASE: WHEN A RACK IS THE DRIVER. 


When 7, = ®, (28) would become indeterminate. If, how- 
ever, we observe that 
Qr tan @ sec ew 
a/ 
tan ea — tan @p 


and that, when 7, = ®, this becomes 


tan 
= 
sin ¢a@ 
and if we substitute this for 7,¢ in the denominator of (28) all the 
indetermination disappears. 
The mode of removing the indetermination from (29) is the 
same as was previously explained. 


(a + 5) | + 
ea\ | fl + b\ 4 ea\ |) 
U, = 
0 
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CASE: WHEN A RACK IS THE FOLLOWER. 


When 7, = «, we need to make the following substitutions in 
the differential equation from which (28) is derived. 


Let A, = are of approach, A,= are of recess, A = are whose 


angle measured on the follower is 4, and let p = the pitch: 
then 


d. 
Ay 


o= 


) A 
/ Ny Po, ey Ca 
Yo 2) 


Then 
27 tan @ 


2Pyr 


7, tan ea 


\2r tan @m 

) A, {Ae ) 
» 


or 97/1) 


Phe changes to be made in equation (29) have already been ex- 


plained, 


INVOLUTE TEETH. 


Let 


Cos (77 — COB sin 
COS (7) + 7, COS (7) + @) 
9 cos sin Pp 
and 


COS. (1) + Du 


4 
a 
201 
/ I's 
Ay é 1 \ ) 
1 + cos / — d 
p—Ag 2r ey 3 2r 
sin 
Then 
\ 
(a—1)(/—+ 1) 
2 Py, ( = — — + Pray 
| (yf; + + ( _¢) | (—+ 1)ja—e(a—-l)} 4 
2 ‘a 9 a 4 
| —¢ | 
\e J \e / 
4 te a— + | 
| | | 
c 
| \ 
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The value of UY," can be deduced from equation (29) by making 
the suitable substitutions and integrations, or it can be derived 
directly from (27) by substituting a — yy for 4, and a — yf, for yf». 
Then will the total work be to exerted on the driver, while the 


follower describes the angle 7, + as, be 
: 1 2 


+ 


When a rack drives, 7, = 0, .*. 6 = 0, but no indetermination 


arises, 


FOLLOWER.’ 


WHEN A RACK IS THE 


CASE : 
To remove the indetermination, make the following substitu- 
tions in the differential equation from which (31) is derived : 


A dA b ) 
= Va, af: = dy: = - = a=, Then, when Vs 0, We 
75 My Vo 


have 


; A »— A 
U;'= : 


| 
p-Ag | 1 a 
| | 


gy (go) 
p+ia-DaA 


p—Ay, 


Hence, by simple division, we obtain 


a— 1 p—As (a 1) = 


(qa — if p+(a—1)A)- 


p-Ag p—Ag 


Hence, by making the integrations and inserting the limits, we 


have 


h, ap (p+(a— 1)A,\ ) (32) 


(a--1) \ap—(a- L)A,/ 


The manner of finding U;" has already been explained. 


1 ad 
| 
{ 
4 


FRICTION IN TOOTHED GEARING. 


EXAMPLES OF 


INTERCHANGEABLE 


GEARS. 


There will now be given in tabular form the results of using 
the formule that have been deduced to determine the efficiency of 
an interchangeable set of epicycloidal gears where the addendum is 
equal to pitch divided by a, the diameter of the describing circle 
being one half the diameter of the fifteen-tooth pinion; also the 
efticiency of an interchangeable set of involute gears with the same 
addendum as above stated, and with an obliquity of 14° 30’, these 
being usual systems. The first thing to be done before using the 
formule is to determine the angle of approach and that of recess, 
as measured on the follower, and these can be very easily deter- 
mined by computation. 


In the following tables the values of these angles will be given 
in every case except when the follower is a rack ; for, in that case, 
we have to use the arcs instead of the angles, or else use the angles 
as measured on the driver. The efticiencies given in the tables 
have been determined on the assumption of a coefficient of friction 
equal to ,4, and on each of the two assumptions in regard to the 
distribution of pressure that have been already referred to. 

In the cases marked with an asterisk, 7, + #7, > 2a; and hence 
three pairs of teeth are in contact at once during a part of the 
travel. When, therefore, we use the second assumption, the for- 
mule already developed on the assumption of equal wear do not 
apply, and it would be necessary to develop formule for three-tooth 
contact in order to determine the efficiencies, if these are to be com- 


puted by the second assumption, 


EFFICIENCY OF A TRAIN OF 


GEARS. 


When we wish to determine the efficiency of a train of gears, 
it is not correct merely to determine the efficiency of each pair by 
the preceding formule, and to multiply these efficiencies together. 
An approximation to the truth might be obtained by such a pro- 
ceeding, but not a correct result; for the efficiency of any pair 
varies with the mode of variation of the moment of the resistance, 
and this mode of variation will be different for each successive gear 
in the train, : 

Hence we must use the above-described process only while we 
are dealing with an elementary angle dy, and make our integration 
after we have multiplied the elementary efficiencies. 

To illustrate this method let us assume that we have a train of 
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four gears, of which No. 1 is the driver and No. 4 the follower, and 
that the are of action is, in every case, equal to one pitch. 

Let us number them successively, beginning with the driver, 
Let P,a, denote the driving moment exerted by gear No. 8, and 
Pyt,, as before, the moment of the resistance of gear No. 4. Let 
FR be the pressure between the teeth of Nos. 3 and 4, 2, that 
between Nos. 2 and 8, and /2, that between Nos. 1 and 2. 
Let the radii of the pitch circles of the four gears in their order 


be 71, 7s 73, and 7, Let m, and m, have the same meanings as 


before with reference to Nos. 3 and 4, m,', m.' be the correspond- 

ing quantities for Nos. 2 and 3, and for Nos. 1 and 2. 
2 

Then we must have the equations 


Ring 
Pa, Ryn, 


By eliminating the 2’s we obtain 


Wy Why 
P.a,= Pas. 
My Wey 


If, now, dy denote the elementary angle turned through by 
follower, then will that turned through by the driver be 


di. 


Hence we have dv, = Pa, 


and hence U,=" | 
Wily Why Why 
and by this means we can find the efficiency of the train. 

The integration may become very complex, and the quantity to 
be integrated will be different for every different location of the 
axles. Thus, when the approach of a pair of teeth of Nos. 3 and 4 
is just beginning, the pair in action between Nos. 2 and 3 may be 
just beginning their approach, just finishing their recess, or any- 
where else, according to the relative positions of the axles. Hence 
it would hardly seem to be worth while to work out any special 
cases here, 
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When the are of contact is greater than one pitch the complexity 
is increased, and the uncertainty is no less. Hence, when we 
desire to know the efficiency of a train of gears it would seem to 
be best to obtain it by multiplying together the efficiencies of the 
different pairs, but to bear in mind that we thus obtain only an 
approximate solution, and not to draw any conclusions from the 
result that cannot fairly be drawn in view of the fact that such 


lack of exactness exists, and has a tolerably wide range. 


DISCUSSION. 


Prof. J. Burkitt Webb.—There is no doubt that the difference 
in friction between involute and cycloidal teeth is small, even in- 


significant in many cases, and so far I agree with Prof. Lanza 
and others; the main part of this paper, however, seems to me 


open to criticism. 

Prof. Lanza commences by characterizing the analyses of 
Moseley, Rankine, Herrmann and Reuleaux as “ only approxima- 
tions,” and proposes to make an exact treatment of the subject. 
To one personally unacquainted with these masters of mechanical 


science such a reference might give a very unfair idea of the 
value of their work. The statement, also, that “the case where 
only one pair of teeth is in action at once” “is the only one that 
is dealt: with by Reuleaux and the other writers referred to,” does 
not agree with the fact that Moseley treats of more thau one pair 
in action. 

Examination shows, also, that the approximations complained 
: of are avoided in form only, inasmuch as they scarcely attect the 
last place of decimals used in this paper, and have no effect upon 
any of the conclusions drawu. It appears, too, that the attempt 
to calculate friction on the supposition of equal wear, which is 
the only part of the mathematical treatment which can claim to be 
new, is based on a misconception of the circumstances which de- 
termine the wear. The mathematical portion of the paper seems, 
therefore to fail of any useful result. 

The analysis in this paper is, up to a certain point, a free quo- 
tation from Moseley, the often-important friction of journals and 
weight of wheels being, however, omitted; at this point a slight 
change is made in the treatment and claimed to be an improve- 
ment, which is doubtful. An examination of the treatment of the 
subject by this eminent mathematician forty years since will con- 


| 
| 
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vince any one of its practical and complete nature, and the follow- 
ing comparison therewith of the more complicated forms proposed 
in this paper fails to show any advantage over Moseley’s simpler 
forms. 

If in Moseley’s complete value for /’,* we omit weight and jour- 
nal friction we have 


A sin p 
1 + 
r, sin (7 + 


ry Sin (7 


sin (9 + m) + Asin pm 
Pia, Psa 


sin (4 + @p) A sin 


which being substituted in the expression for the differential work 


dU, = Pa, dy, 


found in article 219, page 268, that expression becomes, after indi- 
eating the integration 


(Yr, sin (6 + + Asin p 
Pa 4 P) dif, 
“7, Jo 7. sin (0 + — Asin 


an expression essentially identical with formula (250), page 269, 
the only difference being that Moseley has performed the division 
of the numerator of the fraction by the denominator so as to get a 
decreasing series, of which he omits the unimportant terms! Prof. 
Lanza holds that it is more accurate to integrate the expression 
as it stands, 

To give a clearer idea of the difference the analysis which fol- 
lows is confined to involute gearing, where 


A=r, cos ny; 


a similar discussion, with the proper value of A for epicyeloidal 
gears, would show the superiority of Moseley’s treatment in that 
case also, but will not be given on account of space. 


* See page 267, ‘‘ Engineering and Architecture,’ by Canon Moseley. John 
Wiley & Son, N. Y., 1866. 


q 

q 
or 
4 


d 
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Substituting this value of A in the last equation, remember- 
ing that sin (4 + gw) = cos (7 — »), and putting, for brevity, 
cos (7 — = and cos sin p= we get 


Moseley’s form, obtained by division, would be (perform the di- 
vision in this equation, or substitute A in Equation (250), quoted 
on previous page) : 

/b 


Pai (1 ) 


\ 
(Ow + ete.) Lady, 
20 \ \e \ / 


where the “ete.” stands for -;*? + — 7° + ete., the insignificant 


terms omitted by Mosely. 

Neither of these equations presents any difliculty in integration, 
so that we may either use the first and get the form advocated in 
the paper under discussion (where, though it corresponds with 
(;, we shall retain U, and, for convenience, drop the subscript 
to 7 in the equations which follow), namely, 


C 
U, = — Pa, 4 (1+ =) log. 1 yr) 


or we may use the second, and obtain 


{ \ 2 coo / \ 


where we have 1¢-introduced the largest of the terms omitted by 
Moseley. 

In view, now, of the “ete.,” both of these results are equally 
accurate, neither containing any approximations, and the second 
form may easily be shown to be identical with the first, thus : add 


7 inside the last parenthesis, and subtract G + *)t outside of it, 


and then multiply and divide this parenthesis by — = which will 


reduce the last equation to 


U, — dif. 7 
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where the last pcre nthesis is a se ries for ; 


Wis To be prove 


Now thie work done by the follower during rt 


divid lj ng this Mose form fo / we cet 


Efficiency 


which corresponds with the reciprocal of Mosel 
Equation (254), Page 271. 

Now it will be seen that the improvement claimed upon Mose- 
ley’s work reduces itself to the 


modulus, 


retention of the terms judged by 
} 
him to be unlinportant, namely and the 


more insignificant 


ones which follow it. and we may easily satisfy ourselves as to the 
correctness of Moseley’s judgment by caleulating this term for om 
of the worst cases of friction. Say two five-toothed pinions gearing 
together, with, Say, Lh per cent. friction. In this « Xtreme case 
these neglected terms affeet the ¢ flick hey by about one-half of | 
per cent. For the worst case eale ‘ulated in the 


paper, 15 teeth 
with 15 teeth, 


and 10 per cent. friction. thes: terms would hb 
fourteen times less, affee ting only the fourth place of de 
in the most of the Cases 


‘about 
cimals, and 
caleulated their effeet would be 
clable. Consequently the exaet treatment and avoidance: of ap- 
proximations promised by the 


Inappre- 


author does not exist in the paper. 
which differs from Mose le ‘y's tre 


decimal figures be ‘vond four ] 
terms of the 


atment simply in negles tine the 
laces, instead of away the 
series corre sponding to those ficures, 

lt might be conte nded, howe ‘ver, that while 
dropped in numerical work, they should | 


discussing exact prine iples and laws: 
SCOTS be st. 


such terms may be 


e retained when we are 


but he ‘re, too, Mosele A s form 

as it allows the equation to be put in 

forms answe ring plainly 
14 


1 various simple 


various questions. Thus we may put the 


; | 
Liogarithin, so that. as 
] 
df 
4 
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reciprocal of the efficiency, Le. Moseley's modulus, in the form 
(omitting the higher terms), 


1, 


Efficiency ( 


which is adapted to equal driver and follower, and shows the law 
by which the efficiency increases when we increase the number of 
teeth of such a pair; thus comparing 5 into 5 with 15 into 15 
teeth, we see that for the latter case, # being one-third its former 
. 

value, and — being about one-tenth for 10 percent., or one -seventh 
for 15 per cent. friction, the efficiency would be somewhat in- 
creased, by an amount easy to ealeulate. We may also see thie 
effect of the last term on the whole quantity and make sure that 
it is neglectable in the ease of 15 into 15 and larger gears. 


Or, we may put the modulus in a form which will show the ef- i 
fect of enlarging thie follower while the driver remains constant, ; 


in which ease 7, will remain constant though /) diminishes, 
which will increase the efficiency, thus 


if we put 4 and 2 for the constants in the parentheses. 
Or, we may write 


Efficiency 2¢ ze 30" ry 


which shows the effect of retaining the follower constant and en 
larging the driver, in which case 7, and jy are both constants, and 
,; increases, thus increasing the efficiency. 

In the above special equations we have supposed the are of re 
cession to remain a fixed proportion of the pitch, and a similar 
diseussion would, of course, apply to the are of approach. The 
use of these equations in the present discussion is not only to 
show the greater simplicity and convenience of Mose ley’s form, but 
also to make clear that our 5 into 5 case was the worst case |) 
showing that the enlargement of either or both driver and _ fo! 
lower decreases the friction. 

On page 195 of the paper a questionable method is adopted of 


| 
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applying equations (20) and (21) to a rack-follower. The substi- 
tution of special cases in a general equation is usually considered 
to be a valuable check upon the correctness of the same; here, 
however, it is said that the equations will become indeterminate 
and that they must be put in another shape, with another inde- 
pendent variable, before integration to get a result for this special 
case, which by inference throws a doubt upon the general equations 
is inapplicable to the special case. If, however, the logarithm be 
replaced by the series this difficulty vanishes, as may be seen by 
noticing the last equation but one, which takes this form for a 
rack-follower, 7, becoming equal to 0, 


1 
Efficiency Scr, 


It should be remarked, in concluding this part of this diseus- 
sion, that there is of course no difficulty in retaining as many 
terms of the series as may be needed for any degree of accuracy 
desired. 

It has already been stated that Moseley has discussed several 
pairs of teeth acting at once under the first assumption mentioned 
in this paper, and we will now consider the assumption proposed 
by Mr. Bilgram, as to the correctness of which there can be no 
doubt. 

It is not enough to assume the wear proportional to the product 
of the normal pressure into the velocity of sliding, as would be 
the case fora conical pivot, but the surface over which the wear is 
distributed must also be taken into account. Now in involute gear- 
ing, which will serve to illustrate the error made, the point of con 
tact (Fig. 90) will travel over the flank of 


J with a velocity proportional to 


ad (a 
and over the face of B with a velocity pro- 4 
portional to 
a 
bd x 
and the velocity with which face slides on “ 
lank will be proportional to the difference 
bd x — ad @ 


a 


4 
Fig. 90 
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The depth of wear on flank and face will not only be propor- 
tional to this difference and to the normal pressure @, but also 
inversely proportional to the distance over which the wear is dis- 
tributed so that the normal wears upon flank and face will be re 
spectively proportional to 


Ad. Gp, - ad. Ad @) ad ( 


ad, @, 
and the total normal wexr will be proportional to the sum of 
these, or to 


0, 


a 


A similar expression being found for the normal wear due to 
a pressure (/, between a second pair of teeth, we can equate these 
values and with the help of an equation placing the sum of the 
moments of Q, and (J about the axis of 2 equal to 7% a, the 
values of V, and (J may be determined and introduced into the 
equations for determining the friction. 

The analysis, therefore, of the paper being based upon a faulty 
assumption, must be rejected as incorrect. 

It seems to me much more important to discuss earefully this 
normal wear than to extend the decimal places expressing effi 
ciency, and there is an important phase of the subject touching 
the connection between this wear and the form of the teeth. An 
examination of the ecyeloidal form upon the above principles 
shows it to be a nearly permanent or persistent form, whereas 
involute teeth are seen to be liable to rapid change of form from 
wear. Such shape-changing wear must either destroy the form of 
an originally correct tooth, and with it the uniformity of the ve 
locity ratio, or it might correct a badly-shaped tooth and im- 
prove the velocity ratio, which consideration leads to the proposal 
of a general problem as follows : 

Required to find a form of tooth which will preserve its shape 
in spite of wear, i.¢., to find a persistent form of tor th, if such there 
be, the number of pairs of teeth in action at once being the same 
for the whole of the arcs of contact. 

If there be such a form we should need to know whether it is a 
stable or unstable form, in which former case the problem could 


be stated otherwise and more generally, thus : 
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Required that vormal (pe sistent or eventual) form toward which 
all teeth will wear and which is the only one affording a velocity 
ratio invariable with regard not only to the angulai positions of 
the wheels but to the time the wheels have been in use. 

It is claimed in the paper that Mr. Grant lias drawn erroneous 
conclusions reason of approximations and its hie and others 
have taken the norm il pressure as constant a reference to this 
point is desirable. 

Moseley, it is true, assumes the moment of the driven wheel 
constant, but it is evident that there is a choice of thre assump- 
sion with very little difference between them. viz. - 

i.) A constant moment on the driver, 

(4.) A constant moment for the normal pressure, 

(.) A constant moment on the follower ; 

And it is perhaps more a que stion of convenience than of exact- 
hess which we choose, is practical Cases agree sometimes with One 
and sometimes with the other extreme. A difference of « fliciency, 
thie refore, depend on which of these assumptions we Tit make, 
Is liable, unless this difference should, in some Wily, be an 
lin port int item in a special practical case to be considere d. 

| have SOM ¢ suggestions to make as to dynamometrie work, 
such as that of the extensive * Sellers” ¢ Xpe riments reported by 
Mr. Lewis. Professor Lanza also alludes to such work as diffi- 
cult. The disregard of a fundamental scientific principle must 
necessarily increase the difficulty of the work and pe rhaps make 
the results useless. It.is well known that it is fatal to accuracy 
to determine a small quantity as the difference of two large ones, 
whose unavoidable errors encroach upon and may entirely bury 
the quantity sought ; this was the case in the xperiments referred 
to, and vet it seems possible to avoid the difficulty. 

The following apparatus (Pig. 89) is proposed as a means of 
measuring with very little error the tooth friction between spur 
sears of nearly the same size. The principle employed is to keep 
the teeth in forcible contact by a spring for that purpose alone, 
while the friction is measured by an arrangement with which the 
spring has no connection, and which measures nothing but the 
friction. 

In the eut (Fig. 89) E is a tank in which is floated a caisson I’, the 
two constituting a floating dynamometer of simple construction 
upon the same principle as those described by me in the E/ectri- 


Trans. A. 8S. M. E.. Vol. VII., pp. 273 and 549, Papers 198 and 213. 
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eal World, September 17 and 24, 1887. Upon the tank are two 
boxes J and J for the shaft I, and upon the cross pieces FF 


An, and FF of the eaisson are two 

PT upright hangers having journals 
aa not only for I but also for an- 


other and lighter shaft G. ‘To 
the driving pulley H fast on T is 


conveyed power sufficient only 


: for the work lost in friction, and 
the moment exerted by the belt 
upon H causes the floating eais- 


son to tip out of the horizontal 
position in which it naturally 
floats until by sliding along the 
poise L it is brought back to 
| | the horizontal position. The con- 


Fi tinued then, of this 
| weight in pounds by the distance 
in feet that it has been moved 
and by 27 times the number of 
revolutions per minute gives the 
horse power absorbed in the 


friction of the gears. The gears 
A, B, B,C, C and D are arranged 
thus: C,C and D are fast upon a 
Fig. 89 light shaft G so as to constitute 
essentially one gear. The jour- 


nals of G are made as small as possible, and there should be an 
adjustment of the boxes allowing for exact regulation of the depth 
to which the teeth engage with those of A and B, B. The office 
of G is principally to sustain the weight of Band C,C. Of the 
gears A and B, B, the latter are fast upon the shaft I, while A is 
loose between them. MM isa piece also free to revolve about I 
and having two ends or arms, each of which holds a flat spring N 
and basa slot with tap bolt P for clamping the piece fast to B. The 
ends are also cast hollow so that a bar (dotted) O may be inserted 
and the piece MM forcibly revolved by means of a known weight 
hung upon the end of the bar, and thus the springs set with a 
known pressure when the piece MM is to be clamped firmly to B. 
The other ends of the springs NN enter between the spokes of B 
and bear against lugs on A, so that the action of the springs is to 


| L 
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revolve A forcibly and cause the teeth of the series of wheels to 
press against each other any desired amount, corresponding there- 
fore with the transmission of a certain number of horse power. In 
fact this power will in reality be transmitted by the wheels through 
the closed cycle ABCDA, which transmission will produce the 
friction to be measured without interfering with the delicate meas- 
urement of the same. We shall get also an inconsiderable amount 
of journal friction from the journals of Gand I in the hangers 
K, KK; that between [and K may be made practically zero by float- 
ing up the caisson until there is no pressure to cause friction, the 
J. 


The friction of | in J J does hot of Course Colne into the probl Ih) 


weight of IT and attached parts being supported entirely by J 


nor have anything to do with the « X} riment. The gears should 
be separated by perhaps an eighth of an inch, and that much play 
should be allowed the caisson so as to allow a little end play of 
the gears; stops beneath the shaft I confine the caisson endwise 
with this much freedom, which is better than having collars on | 
running against Kx, Kx. () is a level to indicate the horizontal posi- 
tion of the caisson, and the proper sensitiveness of the latter is 
obtained by the proper proportions of the caisson and by weights 
of any form (not shown) laid on the bottom of the caisson to bring 
the centre of gravity of the whole floating mass to the proper point. 

Mr. Hugo Bigram.—Prof. Lanza apparently mistakes my prop- 
osition as to the division of force transmitted by two or more 
teeth, when in simultaneous contact. This appears most clearly 
from the statement: “ Although the arguments advanced by Mr. 
Hugo Bilgram in favor of the equal wear theory possess some 
plausibility, it is not at all certain that the wear Is ¢ qu U1.” When 
speaking of equal wear T had reference to corresponding contacts 
only. The wear in anv other set of contacts m iv be a different 
quantity. 

My assertion that when a force is transmitted by two separate 
contacts, both being exposed to wear, the wear must be « qual on 
both contacts (measured in the line of motion), seems to me so 
axiomatieal that the expression of doubt on this point can ouly 
indicate a misapprehension. If the wear should differ, a simul- 
taneous contact could not persist and an inversion of the te ndeney 
to wear would soon re-establish double contact. I need hardly 
add that an equal velocity on both points was pre mised, as other- 
wise the statement must be modified to suit the case. 


The further assumption that wear is in proportion to pressure, 
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other things being equal, is not, as would appear from the paper 


just read, a premise to the equal wear theory, but a means of 


reaching further conclusions, and T have qualitied it as being, pre- 
sumably, only approximately true. 
My position as to the wear of toothed gearing is simply this : 
First ASSUMPTION : Considering only one p ur of teeth in con- 
tact ata time: Let dA and B (Pig. 83) be a pair of teeth, Py 


being the path of contact. In following the 


progress of contact between the and 


2 it is obvious that a, a and 4, 4, will be the 
EN ee 4 portions of the teeth-curves in ‘action, the 
projecting circles be Ing concentric with the 
A pitch circles. De noting the are a, a 
and h, h, the slip during the conside d 
interval is equal to the difference a—/ and 
Fia. 83 its effeet being distributed over the distances 
a—p 
a and f, the tendeney to wear will equal " and on the 


teeth 4 and PD spective ly. Applying this deduction to eveloidal 
and involute teeth, the tendency to wear can he represe hits d by 
Figs. S4 and Sd. In the eveloidal rear 


the tendency to wear is uniform on each Yy 5 

side of the pitch line, while on involute HN A 

gears this tendency is zero at the pitch 

point and increases with the distance 


from this point. 

In the second assumption, two pairs of teeth are considered to 
be in constant contact, so that one contact will end and anothe: 
begin when one of the contacts is at the pitch point. 

The tendency to wear in eycloidal gears, being uniform along 
each branch of the path of contact, the foree will tend to be dis 
tributed at a fixed ratio between the approaching and receding 
coutact, and the wear as well as the loss from friction will be 1 
duced to one-half of what it was under the first assumption. In 
involute gears, however, the pressure will be distributed un qualiy, 
bearing harder on the contact nearer the piteh points. The 
wear at the pitch point being zero, that at the points of simultane- 
ous contact cannot exceed it, hence the wear as well as the loss 
from friction will be as represented in the diagram, Fig. 86, show- 
ing it to be practically one third of what it would be were only 
one tooth in contact at a time. 
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When a third assumption is made (ie., a single contact during 
one portion, and a double contact during anothe) portion of the 
action) the two preceding assumptions can be combined to meet 
the case, 

The deductions of the formule for the * assumption of equal 
wear” being omitted in the paper of Prof. Lanza, it is not | ossible 
to point out the divergence from my “ equal wear theory ” which 
appears tu exist, judging from the tabulated results ; since my 
theory would point to an equal division of the force in cyecloidal 
gears, at least where both gears are of equal diameter, tle results 
of Prof. Lanza’s first and secoud assumptions should be identical 
in both cases. 

Mr. Wilfred WIS. The paper by Prof. Lanza into the 
question of “Friction in Toothed Gearing” very minute ly, and 
the results obtained upon the two assumptions ol « jually divided 
pressure and equally divided wear, are especially interesting aud 
instructive. With cyeloidal teeth, the conditions of equally di- 
vided pressure and equally divided wear «are Ire quently much the 
same, and but little if any improvement in efficiency could be an- 
ticipate d from the establishment of the pe rsist hey of wear sug- 
gested by Mr. Bilgram. In fact, | am surprised rather at the 
wagnitude of some of the differences shown in the table than at 
the generally close agreement of the results from the two assamp- 
tious. 

With involute teeth the case is different, and a great improve- 
ment in efficiency would naturally be expected from a glance at 
Mr. Bilgram’s diagram. 

This is brought out analytically by Prof. Lanza, but the 
amount of labor involved detracts somewhat from a feeling of 
perfect confidence in the work, and there are, indeed, so many 
chances for error in the use of such ponderous formule, that in- 
stead of accepting the results obtained as a standard for testing 
other methods, it would seem quite as proper and desirable to use 
some other method as a check upon the accuracy of the work 
performed in these lengthy solutions. 

Great care has been taken to avoid approximations, and mathe- 
inatical exactness has been the chief end in view—to determine, if 
possible, the correctness of conclusions based upon previous solu- 
tions which were only approximate. The assumptions made at 
the outset are not claimed, however, to be unalterable or inflexible, 
and itis even suggested that they may be modified in the light of 
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future experiments, but the fundamental analysis for a single pair 
of teeth in action is certainly based upon very reasonable ground. 
At the same time it should be observed that the probability of the 
truth of the assumptions made is no greater than that of some 
others which might have been made with at least equal propriety. 

Prof. Lanza has adopted as the basis of his work the assump- 
tion that the moment of resistance is constant, but T see no more 
reason why this should be an accepted condition than that the 
driving moment should be considered as constant. If, for exaim- 
ple, we have a train of gears, 4, 2B, Cin which A drives 2, and 7 
drives (it is evident that the moment of resistance for A must be 
the driving moment for C,and that one assumption necessitates the 
other. There is really no choice whatever between them,and whil 
it must be admitted that there will be a slight theoretical ditferenc 
in tle results obtained from one or the other as a basis, it must never- 
theless be granted that the results are in both cases equally cor- 
rect, and Tam clearly of the opinion that whatever difference carn 
be made to appear will be altogether too microscopic to be seri- 
ously entertained as of any practical significance. In fact, the re- 
sults obtained upon the basis of one plausible assumption, as, for 
example, that of Reuleaux, cannot differ sensibly from those ob- 
tained upon another, whether it be a constant driving moment or 
a constant moment of resistance; and I fail to see the virtue of 
adhering strictly to any of these assumptions as dwelt upon in the 
case of a train of gears. Here the assumption of a constant driv- 
ing moment is manifestly inadmissible throughout the train, and an 
already complicated problem is still further embarrassed by a dif 
ficulty which adds nothing, when surmounted, to the value of th: 
results. We are told that the efficiency of a train of gearing 
might be approximately determined by multiplying together the 
efficiencies of each pair of wheels, but that such a result would not 
be correct, and a plan is suggested whereby the truth may be 
known ; but the difficulties which it presents bring about a return 
to the original method of approximating, care being taken to re- 
member that a want of exactness, having a tolerably wide range, 
exists, 

Now, in view of the fact that no assumption can be claimed as 
absolutely correct, and that it makes almost no difference in the 
result which assumption is taken, I cannot admit that the want of 
exactness referred to has even a tolerably narrow range, or that 
the plan suggested would, if carried out, lead to results that could 
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be regarded as any nearer the truth. Further than this, I believe 
that another assumption, equally correct in theory, might have 
been made which would have reduced the problem to much sim- 
pler elements, and have done away with a great deal of laborious 
analysis. 

It is well known that an interchangeable system of gearing is 
determined by the shape of its rack, and that, of course, the rack 
will gear correctly with every wheel in the set, and inasmuch as 
it is quite a matter of indifference whether the driving moment or 
the moment of resistance be considered as constant, J propose to 
approach, if possible, still nearer to the truth, by assuming both 
to vary so as to split the difference and make the force trans- 
mitted from one wheel to the other, through the medium of an 


imaginary rack, a constant. 


By this means the problem is resolved into its elementary com- 
ponents, and all that we have to consider is the friction of a wheel 
driving a rack against uniform resistance and that of a rack driv- 
ing a wheel by a uniform pressure. 

Referring to Fig. 87, A is the centre of a wheel gearing with the 
rack GI’, C is the pitch point, and D a point in the are of action. 

Drawing DK and DI at the angle of friction g to DC, and KF, 
TH, and GD perpendicular to DC, we have, when the rack is 
driving, GF equals the produet of sliding and pressure at the point 
I) in terms of AC, the rack travel under a unit of pressure in the 
direction of motion ; or, when the wheel is driving, GH becomes 
equal to the product of sliding and pressure in terms of AC. 

To prove this we have CD for the sliding at the point D in 
terms of the rack travel AC as demonstrated in my discussion of 
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Prof. Reuleaux’s paper.* The pressure between the teeth in the 
KD 
_, the normal component of which is 


Dik 


DL DL 
Therefore the of sliding and yressure is CD 
DE — DE 


DL sec a = GF. Similarly, when the driving pressure acts In 


direction of KD must he 


the direction DI, GH may be shown to be the product of sliding 
and pressure, aad the construction is demonstrated. 

Fig. 88 is a construction for the loss in friction on the other side 
of the line of centres. Plotting the results upon a base line dC 
representing rack travel, © being the pitch point, we obtain Pigs. 
91 and 93, the area of whieh is proportional to the loss in friction. 


It is evident that for involute teeth, to which I will confine my- 
self for simplicity, these figures will be bounded by straight lines, 
and we are enabled by their use to make a direet and obvious 
comparison between the exact method here given and the approxi- 
mate method previously considered. In that case the angle of frie- 
tion was neglected, and gC was shown to be the product of sliding 
and pressure. The loss in friction by the approximate method is 
therefore bounded by the dotted lines «Cl and gCf from which 
it appears that, during approach the exact method gives a loss 
slightly greater, and during recess one slightly less than the ap 
proximate. When the approach and recess are equal, the imere- 
ment is slightly greater than the decrement, the relation being as 
CF to CH, and in general we may say that the error of the ap- 
CF — CH 

Ca 
obliquity, and the greater the angle of friction, the greater will this 


proximate method is represented by The greater the 


difference appear; but taking an obliquity of 20°, which is larger 


* Trans. A. S. M. E., Vol. VIII., p. 69, Figs. 68 and 69. 
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than usual, and a coefficient of .1 for friction. T find by a careful 
caleulation that the loss in friction by the exact method would be 
only 1.003 times the loss as estimated hy the approximate method. 
The greatest amount of Joss civel by Prof. Lanza does not exces a 
04, and consequently the error for an extreme case would be 
about .003 O4 00012. How such a quantity as this eould 
affect conclusions hitherto drawn it is difficult to imagine. but it 
is interesting to observe the close agreement in the results of the 
two methods, and the consequent futility of drawing such tight 
lines in practice. Of course, When the dpproach and recess are 
unequal, the error may be greater or less, but its practical signifi- 
cance is always very small, 

The loss trietion for it whe ( driving al ick, or a rac] drivin 
& Wheel, can be determined gr: ap leally as shown, or ai alytically 
by menbs of Pasa? w derived diree thy from the o hical solution. 
When the approach and reeess are equal, this loss is the same 
whether the wheel drives the rack or the rack drives the wheel, but 
the efficiencies in the two enses are different Letting / loss 
in friction, * _ = efficiency of wheel driving rack, and 1— L 

efficiency rack driving wheel. 


The eftiei ney of the two wheels 1 driving 7}, is th 


of A driving a rack times the efficiency of a rack driving 2B, thi 
approach and recess for the rack and Wheels being determined by 
that of the two wheels gearing together. Whether an exact or in 


approximate solution be desired, I should. in all eases. prefer the 
graphical method for simplicity and directness of application, and 
it should also be obse rved that the same im: thod can be 
facility as shown in my previous discussion, where two teeth are 
in action at once, 

In this way the efficiency of any combination of gears ean be 
determined by a comparatively simple analysis. There are no 
moments whatever to be considered, no indeterminations or the 
appearance of such, and the efticiency of a train of gearing ean be 
found with theoretical exactness by multip lying together the « 
ciencies of the several pairs of wheels, 

The criticisms which I have made are not intended to refleet 
upon the accuracy of Prof. Lanza’s analysis, although J suspect 
some numerical errors, but merely to suggest that equally correct 
results might be obtained from another point of view at a 


con- 
siderab ly less e xpenditure of mathematics and nervous ene rey. 
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Prop. Jas. £. Deuton.—As ihere are now ample means available 
for computing what ovght to be the friction of any given pair of 
spur wheels, I would suggest that a pertinent addition to the 
theory presented would be il description of some Cases of gearing 
Which in practical use have s/own exceptional friction or wear, 

Since the date of the meeting, my attention has been called to 
the following case of excessive Wear | Ing, Ts) ly a member of the 


\ 


) 


\ 


Society. A cast-iron spur pinion, Fig. 78, + inches pitch diameter. 


2 inches face, having 13 teeth, is driven by a east-iron wheel of 50 
teeth making 36 revolutions per minute as an average. ‘The two 
wheels are the primary pieces of an agricultaral machine operated 
by two horses in the open field. The mean effort or foree trans- 
mitted at the piteh circles is about 200 pounds, or 100 pounds 
per inch of width. The 4-inch wheel wears to the amount shown 
in the accompanying cut in about a year of service. 

Attempts have been made to secure less rapid wear by chang- 
ing the form of tooth from epicyeloidal to involute, and by chang- 
ing from cast teeth to those eut with cutters made by standard 
establishments. No sensible difference in rate of wear resulted 
from these changes. 

The pinion shown in the cut represents cast teeth. Bevel 
gears, both involute and epicycloidal, either hand or machine made, 
show a similar rapid rate of wear at other parts of the mechanism 
of the machine. 
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The driving gear of 59 teeth wears as rapidly as the pinion, pro- 
portionally to the less amount of rubbing upon each tooth due to 
the greater number of teeth. 

Copies of the wheels run at the factory for long intervals do 
not show excessively rapid wear, Also less rapid wear occurs in 
machines at work in some parts of the country than in others. 

It is consistent with all the circumstances to conclude that the 
wear is caused mainly by the accumulation of grit, the latter vary 
ing with the soil worked over by the machine. 

Mr. Jno. Hawhkins.—Referring to Prof. Denton’s remarks, 
will say that 1 have recently encountered a case of abnormal wear 
in « pinion-gear, which, up to this time, has not been satisfactorily 
accounted for. It is the more singular, for the reason that we 
have a large number of machines in operation containing duplhi- 
cates of the gear shown and operating under precisely similar con- 
ditions; and, while we have observed perhaps a little more 
wear than appeared necessarily to follow the conditions of work- 
ing in one or two other CAUSES, the remade have, so far as we 


know, shown no more wear than should be looked for, under the 


conditions ; that is to say, they are in such condition as, after 
running a year, might reasonably promise that they would run ten 
more; and nothing to approach the one in question appears in 
the worst other case. 

The conditions, as civen on the sketch, Fig. 77, are that the 130- 
toothed wheel is a crank cear, the erank pin being located as 
SHOW) by the circle near the periphery, and at a radius of IS}} 
The shaft carrying the 13-toothed pinion is the driving shaft. 


The conn cting rod from the erank pin is made to r ciprocate it 
body, running on rollers, weighing about 2,400 pounds; and, 
by menns of a rolling pinion and rac os, this body makes a stroke 
equal to four times the radius of the crank, while the body Carry- 
ing the rolling pinion, and weighing 810 pounds, moves throug): 
only twice the radius of the crank. The 2 400-pound body has a 
rack cearing with a wheel upon a eviinder, the latter rotati in 
fixed bearings, said eVlinder weighing 868 pounds. The work of 
performing these operations at from 1.500 to 1.700 ré volutions of 
the crank per minute is what is required of the pinion. The 
pinion is of bronze, of the composition, copper 64, tin S, lead 1. 
for purposes of strength. The large wheel is of cast iron ; and 
both wheel and pinion are accurately cut with Brown & Sharpe 
standard epicycloidal cutters. It will be observed that the pinion 
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has worn about equally on both sides of the teeth, the inner shaded 
line showing its worl condition. This Is probably acco unte al for, 
however, by the nature of the movements, the pinion acting as a 
chiver from one dead centre until the reciprocating bodies arrive 
at maximum velocity, or when crank is at the “live centre ;” and 
thereafter until the dead centre is reached the r¢ ciprocating parts 
become drivers and bring the pressure on the opposite sides of the 
teeth, the pinion shaft being provided with a heavy ty wheel. 
From the proportions, it is clear that there are always two full 
teeth of the pinion in gear; and, while it is doubtless true that 
the pressure exerted at times on these teeth approaches the grea‘- 
est which they should be called upon to sustain, it does not, 
so far, appear clear that it should not be competent to perform 
the work actually brought upon it— particularly in view of the eon- 
siderable number of exactly similar ones running under identical 
conditions without such excessive wear as is shown. I have very 
reason to believe that not only have these gears received good 
attention and been well lubricated, but that, if anything, owing to 
the observed wear while in progress, they have had extra good 
care In this particular. It is also not found probable ol possible 
that at any time any gritty matter has been allowed to get upon 
them. 

Proj. Lanza.—The greater part of Prof. Webb's remarks have 
nothing whatever to do with the real points in question. His 
chief criticism seems to be, that Moseley did something which, if 
not quite the same thing in Prof. Webb's estimation, is just as 
good as What 1 have done, and that the use of the exact formule 
makes so little difference in the resulting efficien ‘Vy as not to be 
worth the extra labor. It would appear, therefore, that he must 
think that the object of the paper is to furnish working formule 
fora more accurate determination of the efficiency than can be 
obtained by means of the approximate ones of Moseley, Reuleaux, 
Rankine, and others. 

The fact is, however, that, in my opinion, any one of these 
approximate solutions will give the efliciency with a far greater 
niuithematical exactness than the degree of accuracy with which 
we know the experimental constants that enter into the formule ; 
und that really correct results are only to be obtained by experi- 
ment. My objects in writing the paper are stated at the bottom 
of page 187 and on page 188. 

In order to establish some of these conclusions, notably 1 and 2, 
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of page 187, it was necessary to use exact formule, and, as | know of 
none such on record, I had to work them out myself. I followed 
Moseley through his fundamental equations, and, when he dropped 
into approximations, I abandoned him. It also seemed desirable 
to use his notation. The special approximation referred to in con- 
clusion 2 is neglecting the moment of the frietion, and this has 
been neglected in every treatment of the subject that I have seen 
in print except in those of Moseley and Kennedy. 

Prof. Webb asserts that Moseley treats of more than one pair of 
teeth in action at once; I can, however, find no reference to the 
matter in his book on Engineering and Architecture, edition of 
1875, which is the one that I have. 

As to the assumption of equal wear I will speak in my reply to 
Mr. Bilgram. 

Another reason for presenting the paper was that it seemed 
desirable that the exact formule should be placed on record. 

As to Prof. Webb's dynamometer I have no opinion to express, 
as I have had enough to do with testing dynamometers to know 
that the only way to determine whether it is better or worse thau 
others now in the market is to submit it to test. 

In reply to Mr. Lewis's remarks about the danger of numerical 
errors arising in the use of such long formulke, all that ean be 
said is that such precautions have been taken as were deemed 
necessary to avoid them, and, therefore, the numerical results are 
believed to be free from them, but of this I ennnot, of course, be 
absolutely certain, as all of us are liable to errors of that kind. 

As to the different assumptions that might be made in regard 
to the distribution of the pressure, it seems hardly necessary for 
me to say any more than has been already said in the paper. 

Mr. Lewis’s graphical solution by the use of an imaginary rack 
is certainly a neat one. It would be interesting to see some 
tables of results worked out by its means, and also to see the 
method extended to the cases of our ordinary systems of inter- 
changeable gears where more than one pair of teeth are in action 
at once. Until this is done, ho very decided opinion can be ex- 
pressed as to its real value as a working method. It assumes, of 
course, a distribution of the pressure that rarely, if ever, occurs in 

practice, but it may, after all, represent such a fair average of all! 


these conditions as to be a good working method. 
In regard to the relative merits of a graphical and of an analyti- 
val solution in general, this is a matter largely of taste, and of a 
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person’s natural bent, some persons naturally inclining to graphi- 
cal, and others to analytical methods. Which is the best in any 
special case must depend upon circumstances, as, in some cases 
the one and in other cases the other gives the neater solution. 

As to Mr. Bilgram’s remarks I will say that I have carried out 
the caleulations on the assumption that the wear is proportional 
to the product of the normal pressure by the velocity of sliding, 
and that I supposed that in so doing [I was following Mr. Bil- 
gram’s suggestion as I understood it from the statement in Vol. 
VII. of the Proceedings, page 76, lines 9 and 10, and moreover 
this seemed to be a suggestion in general accord with the modern 
theory of pivot and axle friction, which finds a 


good deal of favor 
at the present time. 


It appears, from his remarks in this diseus- 
sion, however, that he only intended it AS a provisional condition, 
and not the one that he thinks ought to be used in the equal-wear 
theory. 

It would be interesting to see the fundamental condition as he 
would express it, put into analytical form. The work of deducing 
the formuke for the efficiency would become doubtless more com- 
plicated than the work that I have done, and how the results 
would compare cannot be predicted absolutely, but it would seem 
probable that the differences between the results and those of my 
first assumption would be rather smaller than those between the 
results of my two assumptions. 


Finally, it may be said that the main conclusions of the paper 


are not, it seems to me, in any way affected by anything that has 
been said in the diseussion. 
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CCLXXIV 
CENTRIFUGAL PUMPS AND THEIR EFFICIENCIES 


BY WM. 0. WEBBER, BOosTON, MASS 


(Member of the Society.) 


Looxrne back at first to the records and work accomplished by 
some of the earlier pumps of this type, we find that perhaps the 
first centrifugal pump, in a primitive state, was brought out by 
the mathematician Euler (an account of which was published in 
the proceedings of the Academy of Berlin tor 1754), and which 
was probably a failure in a practical sense. 

The next pump to attract our attention, and one which is cred- 
ited more nearly to have approached the efficiencies of the present 
day, was one erected by a Mr. McCarty in the New York Navy 
Yard in 1830. 

Then followed, in 1851, at the great London Exhibition, the 
celebrated Appold pump, which is really the first pump of which 
an authentic set of experiments are available. Mr. Appold deter- 
mined that the efficiency mainly depended upon the form of blades 
in the fan and the shape of the volute or enveloping case, and that 
the best form for the blades was a curve pointing in opposite 
direction to that in which the fan revolved, and for the case that 
of a spiral tapering pipe or volute. 

To quote somewhat at length from a paper*™ entitled “ The 
History and Theoretical Laws of Centrifugal Pumps, as Supported 
by Experiment and their Application to their Design,” by the 
Hon. R. Clere Parsons, B.A.. B.C.E., Dublin, Stud. Inst., C.E., in 
January, 1875, Mr. Anderson, M. Inst. C. E., of the firm of 
Messrs. Eastons & Anderson, deputed the author, in) company 
with Mr. Hesketh, Stud. Inst. C. E., to make some experiments 
upon centrifugal pumps, both with'a view to determine the laws 
which regulate their discharge, and at the same time, if possible. 
to improve their efficiency. 

* Excerpt minutes of proceedings of the Institution of Civil Engineers. Vol 
47, Session 1875-76, Part 1. 
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The first experiments were made upon a pump whose suction 
and discharge pipes were 10 inches in diameter; the fan was 14 
inches in diameter, and the casing surrounding the fan was cir- 
cular, as is shown in the dotted lines of Fig. 51. 

The pump was driven by a single acting engine working 
directly onto the shaft of the pump. The water was raised by the 
pump from a large cast-iron tank and discharged back into it 


through a measuring tank. Inthe bottom of the measuring tank 


Fic. 51. 


was a hole in a thin sheet-iron plate, and by the head of water 
maintained over this hole the discharge was calenlated by the 
formula, 


QY = 0.62 x A x 4/2 gh cubic feet per second. 
Where A = area of hole in square feet, 


i = head of water in teet over hole. 


counter attached to the shaft, and the lift was determined by 
means of a staff fastened to a float in the lower tank. The staff 


The revolutions per minute of the fan were measured by a 
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was graduated in feet znd decimals of a foot, and was applied to a 
water-gauge glass connected with the discharge pipe. 

In order to take account of the residual velocity of the water in 
the discharge pipe in estimating the lift, the tube with which the 
water-gauge was connected had a bend whose extremity met the 
water flowing in the discharge pipe, consequently the water in the 
gauge glass stood at the same height as the water issuing from the 
discharge pipe. 

The engine was supplied by steam from a portable boiler, into 
which the feed water was injected by a hand pump. 

During an experiment the speed of the engine was regulated 
by an observer so as to maintain a constant head of water in the 
measuring tank, and consequently insure a uniform discharge from 
the pump. 

An experiment was continued until 30 gallons of water were 
evaporated in the boiler, and the time required to accomplish this 
was accurately noted. 

Thus the number of pounds of waiter raised per minute divided 
by the number of pounds of water evaporated in the boiler per 
minute is proportional to the efficiency of the pump. 

These experiments were repeated for different discharges, and 
tabulated in the following form : 


TABLE I 


Gallons Ft. Lbs. Revolutions 
Discharged Liftin Feet. Raised per I b. of ‘w, rae per REMARKS 
per Minute. Minute. Ev united Minute. 
5.667 305 
745 6.000 44,886 7,779 363 
879 6.250 54,937 8,224 380 Appold’s fan in cir- 
cular case 
989 6.666 65,936 11,883 393 
,153 7.000 80,710 11,385 416 


The casing around the fan was next altered from the circular 
to the spiral form, as is indicated by the dotted lines in Fig. 51, 
by fitting wooden blocks inside; and a fresh series of experiments 
was now made under circumstances resembling the former set as 
much as possible. 
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The following are the results tabulated in a similar form: 


TABLE IL. 


Gallons Ft. Lbs t. Lbs Revolutions 
discharged Lift in Feet. Raised per REMARKS 
i wb. of Water 
per Minute Minute Minute 
320 
6.500 37,505 8.950 346 
746 6.925 51,600 10.809 363 
Appold’s fan in spi- 
SiS 6.750 59,265 11.264 368 ral casing 
7.089 70,029 12.088 387 
1,150 7.750 $0,125 15,248 403 
1,288 8.333 107 329 15,996 $233 


‘Thus, by comparing the first and second tables, it will be noticed 
} 


how greatly the spiral casing has improved the efficiency, and 


alsv increased the discharge, the boiler pressure remaining the 


same, 

i With the same casing, but another fan, designed on the princi- 

. . . . . 
ples laid down bv Rankine In his Applied Mechanics, and also 

advocated by Glynn in his treatise on “ Water Power.” some ex- 

on 
re periments were made similar to the preceding ones. 

A The following tables show the results of these experiments: 

| 

TABLE III. 

Gallons Ft. Lhs Revolutions 
arged Lift in Feet Raised per xy per REMARKS 
per Minute Minute Minute 

a 5.500 390 

a 578 5.925 34,200 7,208 316 

Rankine’s fan it 

6.167 45,695 8.556 335 cular case, 

6.333 55,733 8.377 348 


993 6.588 65,372 10,748 355 
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TABLE IV. 


Gallons Ft. Lbs Revolutions 
Discharged Lift in Feet. Raised per Water per REMARKS 
per Minute. Minute. E Minute 
Evaporated 
9.416 00 
580 6.333 36,731 9.675 324 
Rankine’s fan in 
743 6.667 1,528 10,857 $34 ral ease. 
S78 7.000 61,530 11,692 343 
$96 7.3883 73,0385 12,954 


These results prove that Rankine’s fan is far inferior to that of 
Appold. The blades of this fan were for half their length, from 
the center outward, similar to those of Appold ; but for the remain- 
ing half of their length, they curved forward in the direction in 
which the fan revolved, ending in radial tips (Fig. 52). 

This method of estimating the efticiency 
of a pump is by no means an accurate one ; 
but in altering a pump, it is a convenient 
way of determining whether the alteration 
has proved a success or the reverse. 

A new casing of a spiral form was now 
designed, and a fresh series of experiments 
undertaken. These experiments were of a 

Fig, 52. much more elaborate nature than those just 
described ; and’ as it may make the deductions from them more 
easily understood, their general arrangement will be described. 

In order, as far as possible, to insure a constant lift, the pump 
was supported on the side of a large * barge,” and the engine for 
the purpose of driving it was placed in the bottom. The power 
transmitted to the pump was estimated by the dynamometer used 
by Messrs. Eastons and Anderson at the Royal Agricultural 
Shows. 

The method of measuring the amount of water raised by the 
pump described in the former experiments was repeated in this 
instance; the water being raised from the Thames, in which the 
barge was floating, and discharged back into it through the measuring 
tank. The lift was measured by taking the difference of the lev- 
els of the water in the river and that in the discharge pipe, as 
shown by two gauge glasses. 


fe 
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: The revolutions of the pump were indicated by a counter attached 
: to the pump shaft. A number of experiments were made upon 
4 


this pump, and the results tabulated as follows: 


TABLE 


No. of Gallons of Toot Lbs ‘oot Lbs 
Experi- pi g  Liftin Fee per Indicate per 
4 ments per Minute Minuts Minute Minute 
1 1,012 14.67 148,461 298,458 392 19.74 
2 1.108 14.70 162.875 $17,158 304 1.35 
3 1,107 14.65 175,364 332,126 Bud 2.80 
7 1 1.280 14.70 188,160 343,754 398 4.74 
1.550 14.75 199, 128 7, i 94 
6 1,431 14.75 211,073 374,954 100 6.20 
7 1,501 14.70 220,650 388,807 102 56.69 
1,568 14.75 231,280 104,737 103 57.01 
& ) 1,630 14.80 241,240 109.612 104 58.90 
10 1,605 14.75 °51 110,790 105 GO17 
i1 1,753 14.80 259,450 35,6230 106 59.42 
a 12 1,012 17.40 176,088 370,548 124 17.53 
13 1,108 17.20 190,576 388,316 125 18.97 
14 1,197 17.20 205,884 404,156 127 51.09 
15 1.280 17.30 21,440 417,214 128 53.08 
16 1.350 17.30 233,550 33,054 129 53.93 
17 1,438 17.40 248,904 147,552 53.63 
18 1,501 17.40 261,174 160,512 132 56.71 
1 1.568 17.40 272, 842 471.552 45535 AT.S6 
20) 1,630 17.60 ASO 479,810 134 59.79 
| 1.695 17.60 208 310 186.050 135 61.37 
22 1,753 17.60 308,528 194,210 136 62.42 
23 1,012 11.81 119,517 238,603 50.09 
°4 1,197 11.80 141,246 268.970 52.51 
1,250 11.838 159,681 297,829 53.61 
ae 26 1,501 11.83 177,568 $21,918 55.16 
ae 27 1,63 11.92 194,196 341,127 56.93 
28 1,753 12.00 210,360 357,007 58.92 
3 29 2,029 12.35 250,175 $16,954 60.00 
30 2,301 12.12 278,881 163,268 60.13 
3 31 2 544 12.17 809,604 503,759 61.46 
$2 2.765 12.17 336,500 553,346 60.80 
2,933 12.75 373,867 558,870 64.04 
- Mr. Parsons deduces some very valuable facts in relation to cen- 
& trifugal pumps, which may be briefly stated as follows: 
&: Kirst—There are two totally different conditions in which a 
a centrifugal ppmp may be situated while it is rotating. One, in 
_ which it is revolving just fast enough to raise the water up to the 
discharge pipe, and no farther; and another in which it is revolv- 
* ing slightly faster, and discharging water out of this pipe. In the 
first case there is only centrifugal force, which is produced by the 
water in the fan rotating, that maintains the column of water in 
the discharge pipe. 


we 


‘4 


234 CENTRIFUGAL PUMPS AND THEIR EFFICIENCIES. 


In the second case this force is still produced, but in addition to 
it another, which may be called the force of impact, or, in other 
words, the force with which the blades of the fan impinge against 
the water discharged by the pump. 

Second—That « fan when rotating will support a column of 
water the velocity due to whose height is equal to the tangential 
velocity of the circumference of the fan. 

Third—That the internal angles of the blades vary with both 
the lift and discharge with which the pump is intended to work. 

Fourth—That the pump should be so proportioned in its pas- 
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Fig. 164, 


sages as to have a gradually increasing velocity in the water 
until it arrives at the circumference of the disk or fan, and then 
to have a gradually decreasing velocity until it issues from the dis- 
charge pipe. 

This condition is obtained by having a conical or tapering suc- 
tion pipe, a spiral casing surrounding the fan, a proper amount of 
“whirlpool” space in which to eliminate the “ eddies” produced 
by the ends of the blades of fans, and a tapering or conical dis- 
charge pipe. And lastly, that the tangential velocity of the fluid 
being pumped, on leaving the fan or disk, should be not more than 
trom 24 to 30 feet per second. 

These facts would seem thoroughly to dispose of the fallacy in 
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making a centrifugal pump of one diameter of disk to give the best 


results and efficiencies for all conditions of lift and elevation of 


fluids being pumped. 


The writer would here present for comparison two diagrams, one 


plotted from the results just given in a tabulated form of the ex- 


periments made by Messrs. Parsons X& Ilesketh, and the other 
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Fig. 53. 


from his own experiments made with a smaller pump, and pub- 
lished before in a paper, A. S. M. E., Vol. VIL, page 608 (Fig. 164). 


Also, another diagram plotted from some of the best efficiencies 


of large pumping plants with which the writer is tamiliar, and a 


table giving some data regarding these plants that may be of value 


as collected in this form, although some of the data have been 


published before : 
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TABLE VII, 


MAKER 
He Heald Berlit 
Andrews Andrews, Andrews « Schw 
: Size... : No. 9 No. 9 No. 9 No. 10 No. 10 No. 10 No. 9 
Diam. discharge. 10 10 10 
: suction 9} 9} 03 12 19 12 10.3 
26 26 26 30 5 30.5 80 5 90.5 
Rev. per minute 191.9 195.5 200.5 188.3 902.7 218.7 500 
Gals, per minute 1513.12 2023.82 2459.33 1673.37 2044.9 2571.67 1944.8 
Height in feet... 12.25 12.62 15.08 12.38 125.8 13 0 16.46 
Water H. P...... 1.69 6.47 8 28 5.22 6.51 7.81 
Dynam’eter H, P. 10.09 12.2 14.38 8 1] 10.74 14.02 11 
leney DELP. 46.52 57.57 64.5 60.74 5.72 4 


DISCUSSION. 
Professor R. H. Thurston.—The case is practically the same as 
4 that of fan blowers, and the remarks which might be made in re- 


d gard to this case are substantially the same, I presume, as would 
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apply to that. In connection with the paper on fans the remark 
was made that Professor Rankine’s form of fan admits a form of 
vane which shall be curved during the earlier portion of its line 
and should become radial at the end, and that is the correct form 
for that type of pump. In this paper it is stated that that form 
proved to be entirely inadequate to its work. I never have been 
able to ascertain exactly the proportions of the pump as treated 
in the case referred to here. The paper, of which this seems to 
be an abstract, was published in full; but many details of very 
great importance were omitted, and although I endeavored at the 
time to get more details, I never could ascertain what were the 
principal dimensions. I presume, however, the discrepancies be- 
tween the claimed high efficiency of the Rankine form of centrif- 
ugal pump and that shown by experiment are very likely due to 
the same form of misapprehension as existed in regard to the form 
of the fan blower: that is to say that while the form prescribed 
by Rankine is absolutely correct for the conditions under which 
Rankine uses it, if that same form be used under other conditions, 
whether they be differences of general form and proportion or in 
method of construction of casing, they will probably prove very 
inefficient. I have a faint recollection that at the time of the 
publication of these results, or soon after, a debate arose between 
D. K. Clark on one side and engineers holding a contrary opinion 
on the other, in which the two sides showed, each to its own satis- 
faction, that the results of those tests proved that Rankine was 
wrong—and also, on the contrary, that Rankine was right; and I 
imagine that the statement given here can hardly be taken as 
proof that the Rankine form of pump is not a correct one. 

On the other hand, it is not to my mind clear that the Rankine 
form is the best for all cases. In one ease, at least, in which I 
endeavored to design a pump on the Rankine principle, I found 
that the endeavor to get that form of curvature of blade led me to 
make a very awkward form of pump and such form of channels 
as proved unsatisfactory ; and I gave up that form of blade en- 
tirely and adopted the Appold form substantially, and so obtained. 
a very satisfactory design. I presume the fact is that any one of 
a thousand different forms of pump-vane can be adopted for cer- 
tain thousand sets of conditions. I presume the general case is 
simply this: the method of operation of every pump of high effi- 
ciency is one in which the water is taken in at the axial line, is 
diverted more or less in a radial direction, is given an accelerated 
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motion, and the acceleration of rotation is continued with radial 
motion until, at a certain point at a fixed radial distance from the 
center—which distance is determined by the size and proportion of 
the pumps—that rotation is so great that the centrifugal action 
will balance the head against which the pump works ; which head 
includes not simply the static head but also that due to friction 
and to the acceleration itself. Then that zone of water revolving 
at this maximum velocity, being passed, the problem of the engi- 
neer is next to reduce that velocity, to take out kinetic energy 
until the velocity of the water is brought down to a limit which is 
as low as outside conditions will permit ; that is to say, down to 
the speed of delivery of the water. In order to effect that result, 
we may have any one of a number of different forms of blade. 
Rankine would make the zone at which equilibrium occurs half 
way between the axial line of the pump and the outer surface of 
the casing. He would take the first portion of this path to give 
the water its maximum velocity; then would use the other por- 
tion, which would be exterior to the pump vane entirely, as what 
he calls a “ vortex chamber,” in which the water, in its whirl, 
should gradually reduce its velocity until it should come down to 
that of delivery. In that way the primary and essential condition 
of vetting centrifugal action enough to overcome the resisting head 
is attained; and then again the excess of energy in the water at 
that point over that required for its delivery, finally, is restored 
and economized, and maximum efficiency of pump is attained. 
But that same action may be obtained by entirely different forms 
of vane from those given by Rankine. In the case which I have 
in mind I was not able to get a satisfactory design using the 
Rankine vane; but I was able to get it by the involute form of 
vane, and could have obtained it by a great number of other ferms 
of vane in which the water would be taken on without shock and 
delivered at the demanded velocity, the real condition of efficiency. 

I presume, without having enougli experience to be dogmatical 
about it, that it is possible, within limits, to design a pump to do 
a given amount of work with a given speed of rotation. If I 
wanted to drive a pump at a very high speed of rotation I should 
adopt the Appold curve, carrying it back so as to produce a sharp 
curvature. If I wanted to run my pump at moderate speed I 
should adopt more nearly Rankine’s form of curve. If I wanted 
to drive at a low speed of rotation I should adopt a form which 
would be like that which I showed this morning. In making such 
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designs, or rather in designing pumps or blowers for general work, 
I think it will be found advisable to modify the form of vane to 
suit the velocity desired to be given it. 

L would suggest, further, that there are other modes than that 
adopted by Prof. Rankine, and before him by Prof. Thompson, of 
utilizing energy which has been thus stored in the whirl. One is 
to make the pump-vane of such form that it shall bring the speed 
of rotation up to the desired point ; then carrying the blade be- 
yond the point at which Rankin would terminate his, throwing it 
sharply backward in such a way that the issuing jets shall be 
thrown backward, and surplus energy taken up so as to act effect- 
ively in balancing the action of the pump itself, and in securing 
maximum efficiency. 

Another way of converting kinetie energy is that of receiving 
water issuing at maximum speed—as in a pump in which the 
vanes are radial at their extremities—in a cone-shaped pipe in 
which its velocity may be gradually reduced by the expansion of 
the pipe and by increasing the pressure head within the cone, thus 
producing exactly the same result as the other devices. So it 
would seem, I should say, very probable that a great variety of 
types of centrifugal pumps and blowers may be made, each of 
which shall be founded on a specific method of first producing and 
then of economizing, the energy of rotation. 

Prof. De Volson Wood.—I may be wrong about this particular 
form of the Rankine pump; but this is my impression in regard 
to it. Rankine, I know, in some of his analyses, takes the case 
in which the discharge from the vane of the pump is radial, and 
in which the direction of the first element is sneh that when it is 
running with a proper velocity there shall be no shock. That was 
mentioned this morning. Now Rankine assumes that the propor- 
tions are properly made, and then analyzes the problem. He as- 
sumes that the best efficiency will be produced when the direction 
of the discharge is radial. This is very nearly true. It is not 
theoretically exact, but it is very nearly exact. Now if that is the 
vase, it may be certain that if a wheel be run with a different ve- 
locity, then you get a different efficiency, so that if a Rankine 
centrifugal wheel were properly proportioned to accomplish this 
end, and somebody experimented upon it, running it with a veloc- 
ity half what it ought to have or twice what it ought to have, it 
will not give the best eflicieney. Now in regard to the form of the 
rane, I understood the last speaker to sav that there was a defi- 
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nite form between the ends of the vane. That principle I do not 
understand. Rankine, in his analyses—and I only refer to Ran- 
kine because he has been referred to here as having given the 
standard analysis—other analysts do the same—they give us the 
direction of the vane at the start, the initial element; they give us 
the direction of the vane at the final element. Between those 
you may have, as the last speaker suggested, an infinite number 
of curves. It shall be a smooth curve; but I have never seen 
anything which determines its law. It is arbitrary with you ; it is 
arbitrary with me ; it is just as arbitrary as the path of a particle 
from a point to a horizontal plane, the velocity will be the same 
whether if goes down a straight line or a curved line, friction ueg- 
lected. So with this there may be an infinite variety of forms 
between the ends of the vanes. 

One word in regard to an experiment which I once made with 
two pumps to test their efficiencies. 1 had the pumps taken apart, 
and one of them showed a smooth passage-way in the bucket or 
vane, While the other had an angle in it, and I said to myself the 
former pump will beat of course. It is constructed on the right 
principle. We ran the two pumps slow at first: the former did 
better than the latter. We ran them at a higher speed: the for- 
mer still did better than the latter, but not so much better. We 
ran them at a still higher speed, and the former was only a little 
more efficient than the latter. Experiments were stopped at that 
time. I did not make the computation at the time, and conse- 
quently did not know the facts which I have just stated. But 
afterward in making the reductions it appeared quite plain that 
if we had run both at much lower speed, requiring them to do 
greater work, the pump having the angle in its bucket would have 
given a better efficiency than the other, so that I was convinced 
that a simple inspection of the pump was not sufficient to de- 
termine whether, at all speeds, one would be better than the 
other, 

Mr. Ilugo Bilgram.—It appears to me that the difference be- 
tween the blades with radial ends and those of an involute form 
inay be due to the section of the pump. When following the path 
which the water assumes, after entering the central orifice, we 
tind it takes the form of a spiral as shown in sketch. The angular 
velocity of the mass of water in rotation is the same at all points, 
but the linear velocity increases with the distance from the cen- 


ter. If the section is such that the width decreases as the dis- 
16 


i 
a 
ag 
i 


242 CENTRIFUGAL PUMPS AND THEIR EFFICIENCIES. 


tance from the center increases, namely, if the outline follows the 
form of a hyperbola, the spiral which the water describes will be 
strictly an arithmetical spiral, which will be steeper when a 
greater quantity of water is passing, owing to less pressure, and 
of less rise when a high head retards the flow of water. It is well 
known that the foree which the blades must transmit to the water 
will be transmitted with the greatest efficiency if the blades are at 
right angles to the direction of the impelling force. Therefore all 
elements of the curve of the blades should be at right angles with 
the path of the water. It should, therefore, be an arithmetical 
spiral in the opposite direction, as indicated in the sketch Fig. 
55, and its form will be steeper, ic., more nearly radial, as the 
pressure to be overcome is greater. 

When the section of the fan is square instead of hyperboloidal, 
the spiral, instead of being of the arithmetical type, will con- 


Fie. 55 


stantly diminish in width as it approaches the circumference. 
Under these circumstances the form of the blades will tend to 
approach a radial direction in order to have its elements normal 
to the path of the water, and this is presumably the condition 
assumed by Prof. Rankine when he proposed this form of the 
blades. 

Prof. Thurston.—He precisely inverts that. He proposed that 
form of blade for your first case for the hyperboloidal section. 

Mr. Bilgram.—Then I fail to see why the form at the tips 
should approach a radial direction, for the transmission of force 
is certainly not as advantageous as it would be were the blades at 
right angles to the motion of the water, i.c., to the direction in 
which the accelerating force is to be transmitted. 

After* a more mature consideration of the problem I found 
that I erred in stating the curve which runs normal to an arith 
metical spiral to be also an arithmetical spiral, while in reality it 


* Added after adjournment. 
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becomes more nearly radial as it leaves the center; hence the 
curve given by Prof. Rankine is really complying with the condi- 
tions which formed the basis of my remarks. 

Prof. J. EB. Denton.—I fail to be convinced by the contents of 
the paper or by the remarks of Prof. Thurston that there can be 
any such inferiority in the Rankine form of blade as the paper 
claims. 

Of course, theoretical speeulation or deduction must yield, when 
it is shown to be opposed to the results of actual measurement, 
but such theory as is involved in the principles of Rankine’s cen- 
trifugal pump requires the most positive experimental evidence to 
weaken it. I think that any practical engineer will admit, what- 
ever his just skepticism regarding the ability of mathematicians to 
derive results which are capable of practical application, that the 
history of the development of turbine water-whieels testifies to the 
fact that all improvements in such wheels represent inventions to 
accomplish three things, viz. : 

(1) To enable as much as possible of the whirling motion of 
the water to be taken from it by the blades of the wheel. 

(2) To enable (1) to be accomplished with the least possible 
size of wheel per horse power. 

(3) To enable (1) and (2) to be accomplished consistently with 
the smoothest and most direct passage of the water into and 
through the wheel. 

These are principles, the realization of any or all of which in 
the proportions of a turbine wheel are indisputably connected 
with the improvement of that wheel, by the testimony of all intel- 
ligent hydraulic engineers. Consequently, we have a right to ex- 
pect that the reverse proposition will be equally true, viz.: Any 
desigu which realizes these three principles completely, must be 
superior to any that realizes them in a less degree, and it is under 
this proposition that I would have Rankine’s statements judged 
regarding the radial tipped blade in centrifugal pumps. The 
three desirable elements in the pump are similar to the turbine— 

|. That the water shall enter smoothly; which the inclination 
of the inner end of the blade accomplishes. 

2. That, as much as possible of the rotary motion of the blade 
must be imparted to the water, which can be best accomplished 
by pressing upon the water in a direction normal to the rotary 
path of the blades. This requires that the blade be radial, and 
hence it is made to become so as quickly as possible by connect- 
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ing the inclined inner edge by the shortest possible smooth curve, 
leading to a radial outer extremity or tip. 

3. That the given centrifugal effect shall be obtained with the 
least possible size or weight of wheel. This also ealls for a radial 
blade, for a curved blade would accelerate the water in a direction 
inclined to the radius, and the rotary component (which is alone 
available for raising water through centrifugal force) of such 
acceleration would be equally well obtained by a radial blade of 
less extent or weight. The advantages regarding friction cannot 
be favorable to the curved blade, which affords an unnecessarily 
indirect path to the free vortex beyond the pump blades. 

These simple fundamental principles should merit the same 
contidence as those accepted for turbines, and before I shall be 
willing to sacrifice any of my own confidence in them to opposing 
experimental deductions, I must see a better means of measuring 
power than the one set forth in this paper, viz., the measurement 
of the quantity of water evaporated from a boiler in a given time, 
the possible’ error of which we all know to be such as to stamp the 
method and its results as positively crude, and throw a doubt over 
all the data presented. 

No experiments are more difficult to perform accurately than 
the measurement of the action of fluids. Turbine tests have now 
received such elaborate attention that the value of slight varia- 
tions of form in a wheel can be reliably determined, but centrifu- 
gal pumps and fans, I believe, have yet to receive the benefit of 
such measurements, and I, therefore, do not believe that any ex- 
periments have ever reliably disproved such sound theory as 
Rankine has left us, and I do not find myself able to suppress the 
thought that until Prof. Thurston is ready to supply us with the 
results of experiment thoroughly and satisfactorily disestablish. 
ing Rankine’s views, he should avoid any attempt to destroy the 
force of an authority whose genius in mechanical analysis was of 
the nature of inspiration. 

Prof. Thurston.—I merely desire, since I have been referred 
to, to say that I have made no experiments, and know no facts, 
that look in the direction of overturning Professor Rankine’s 
theory. I very cordially indorse all that has been said in regard 
to Professor Rankine and his work. What I meant to say, and 
what I did say, was that the apparent discrepancies between what 
has been shown in this paper, as telling against Rankine’s work, 
and the results that were predicted by Rankine, or were antici- 
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pated from the use of Rankine’s method, probably are due to the | 
very sort of misconception that the gentleman who has just spoken , 


has indicated. 

Prof. Wood.—I wish to make one favorable remark on this 
paper. I thought I had it before me, but as I have not, I will 
refer to it in a general way. The paper speaks of bringing the 
water to the pump so that it shall have its greatest velocity at 
the pump and gradually lose its velocity from the pump to the end 
of the discharge pipe. It seems to me to be a beautiful recogni- 
tion of the principle of energy where the shock of sudden change 

j of velocity is avoided, and that the principle, theoretically, was a 


good one. 


Mr. Win. O. Webher.*—TI have read with a great deal of interest 
the discussion of my paper by Prots. Thurston and Wood, and 
Mr. Bilgram, and while they may be right in sustaining Prof. 
Rankine and his formule, for the exact speed and other condi- 
tions for which he calculated them, still I am convinced, from 
the very numerous experiments which I have made with over 
twenty different forms of disks, and with the apparatus described 
q in my first paper on Centrifugal Pumps, which I know to be aceu- 
: rate, and which Mr. Jas. B. Francis has seen and approved of, 
that Rankine’s formule will not and do not give the best re- 
sults when applied to the ordinary commercial use of such pumps. 
In the first place, in a commercial sense, it would not be possi- 
ble to design a pump for every different condition of lift and 
speed. So for this reason | have designed three classes or sizes 
of pumps, called respectively A, b, and be the A, being tor 
higher lifts and low speeds; the B, for moderate lifts and 
medium speeds, and the C, for low lifts and faster speeds. 

I have found that a curve representing very nearly the curve of 
rolling friction, ie., the epicycloidal curve, drawn tangent to the 
circle of the hub of disk, with a diameter of rolling circle equal to 
one-half the radius of disk and prolonged at the same degree of 
increasing curvature to the periphery of disk, has given the best 
results, not only by experiments in the testing flume but in actual 
practice in every-day work. I propose, as soon as my duties 
will allow me, to furnish another paper on this subject of forms of 
disks to the society for their consideration and further discussion. 

There is a pump now built in this country using the Rankine 
fan with the curvature changed to radial on the outer ends of 


* In closing discussion under the rules. 
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blades, and no tests of this pump in actual service have ap- 


proached the efficiencies obtained by Gwynne’s pumps in Eng- 
land or my pump in this country. It may be, of course, that the 
Rankine pumps never happened to be in the exact condition for 
which they were best adapted, but the fact remains the same as I 
have stated. 

I have fully appreciated the value of the vortex chamber in my 
pumps, and in my later designs have increased its amount nearly 
50 per cent., but I do not think, and have experiments to back my 
opinion, that the diameter of the disk should be in any case less 
than equal to one-half the diameter of ‘vortex space, and think 
further that the proportion should be about three-quarters of disk 
to one-quarter of vortex chamber at the greater, and down to 
seven-eighths and one-eiglith at least. 
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THE USE OF KEROSENE 


OIL IN STEAM BOILERS. 


BY LEWIS F. 


LYNE, JERSEY CITY, N. J. 


(Member of the Society.) 


Tue action of kerosene oil for the prevention of seale in steam boil- 
ers is a subject upon which the books appear to be silent. At least 
the writer has been unable to find any practical data that could be 
made use of in determining its value as a scale destroyer. It has 
often been recommended, butits application for that purpose, so far, 
has been quite limited. Many theories in regard to its action in- 
side steam boilers have been indulged by engineers, but no sys- 
tematic course of treatment has yet been brought to my notice. 
Therefore a portion of practical experience in that line is presented 
herewith, with the hope that others may be induced to compare 
notes and all parties concerned receive substantial benefit. In con- 
sultation with an engineer for whom I entertain a very high re- 
gard, he suggested that I try crude petroleum, as it was better than 
kerosene, but he gave no plausible reason why, nor advice as to the 
quantity, or method of introducing it. There was but one course 
left for me to pursue, which was to try some experiments. 

At the Jersey City Electric Light Company’s station we have two 
sectional boilers of the new Root type, 100 horse power each, and 
one of 155 horse power. We use the Passaic water, which makes 
a great deal of scale, and in the steam space I have noticed a very 
marked corrosive action, more especially npon the cast-iron flanges 
of the safety valves. Within the shell boilers which we formerly 
used hard seale was formed to an alarming extent, and we could not 
get ascraper between the tubes, to remove all of it. In the dry sea- 
son salt water found its way into the reservoir, and I now have 
large lumps of saline matter which were removed from our boilers. 

In the boilers which we are now using hard scale would form so 
1s to more than half fill some of the four-inch tubes of which our 
boilers are principally composed. Something had to be done. | 
had tried several compounds, with more or less degrees of success, 
but still the interior of our boilers could not be kept clean. We 
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tried blowing off, used scrapers and other devices, but without ob- 
taining permanent relief. The deposit was mostly in the lower row 
of tubesand within four feet of the back ends near the mud drum. 
The loss of heat due to this incrustation was great. 


Nystrom gives the following formula for calculating this loss: 


H=35 2? in which ¢ equais the thickness of scale in sixteenths of 


an inch,and // the per cent. From this it would seem that a scale 
of one-sixteenth would cause a loss of about fitteen per cent. ; three- 
sixteenths, twenty-three per cent., and so on. Some have claimed 
the conductivity of scale to be at least thirty per 
cent. less than iron, hence we recognize the neces- 
sity of keeping boilers free from scale and _ sedi- 
ment. 
As a preliminary experiment with kerosene oil, 
I took atest tube of one inch diameter, and in it 
0 sage placed a lump of scale taken from our boilers. 
) A table-spoonful of water was then added, with a 
film of kerosene upon its surface. Ileat was then 
applied from a Bunsen burner. When ebullition 
began, the kerosene separated into globules and 
followed the sides of the tube to the bottom; 
thence they arosg through the center to the sur- 
face. This action continued as long as heat was 
applied, and proved conclusively, to my mind, that 
the kerosene would not remain upon the surface 
of water in a boiler, as has been argued by some 
engineers. I havesince proved this correct beyond 
a doubt, by drawing water impregnated with 
kerosene from the bottom of the boiler. From 
To Hydrant the time the water in the test tube began to 
Fig. 56 simmer, the scale commenced to disintegrate, and 
continued until nothing was left but the hardest substances. 

I concluded from this experiment that kerosene oil was just the 
thing to use in our boilers, so the apparatus shown in the accom- 
panying engraving, Fig. 56, was made, and attached to the feed pipe. 
It is an inexpensive affair, made of a piece of five-inch iron pipe: 
twelve inches long, with a cap screwed upon each end as shown. 
A pipe at the bottom connected with the hydrant, while the pipe 
at the top conveyed the kerosene into the feed pipe when the water 
was turned on. A tallow cock was screwed into the top for filling 


5 

“ 


THE USE OF KEROSENE OIL IN STEAM BOILERS. 249 


while the air and water were drawn off at the stop cocks shown 
for that purpose. When the feed water is taken froma tank, or well, 
where there isho pressure to force it into the boiler,a globe valve 
mnust be placed in the feed pipe, so as to compel the water to flow tem- 
porarily through the reservoir, in the direction shown by the arrows, 
carrying the oil along with it. Our feed pipes used to clog up 
with hard lumps of scale and rust from the water, but since we 
began using kerosene these pipes are all clean and they do not 
rust. It herefore recommend that the reservoir be placed so that 
the kerosene may pass through all the water pipes, if possible. 
When our apparatus was ready for use the water was blown off 
from a 100 horse-power boiler, the blow cock closed, and two 
quarts of kerosene oil introduced. The injector was then started 
(by steam from one of the other boilers), and as the water rose, 
the kerosene reached every partof the interior surface. Before 
filling this boiler an examination was made, which showed scale 
in the tubes of three-sixteenths to one-quarter inch in thickness, 
while in the headers it was half an inch thick in places. We 
never put cold water in our boilers, either to wash or fill them, 
unless they are cold, for I have known cracks to originate in 
steel boilers by so doing. We put in two quarts of kerosene 
every other day for one month, when this boiler was blown off 
at ten pounds pressure. It was then opened and examined, 
when we found that the scale was partly dissolved and loosened 
so that a scraper removed most of it from the inside of the 
tubes. The scale in the headers remained quite hard, although 
the surface was softened by the action of the kerosene. The 
blow-off cock was then closed, and two quarts of kerosene put 
in, after which the boiler was filled with water, as described. 
The object of putting in the kerosene first is to have it pene- 
trate the scale and loosen it, as the water rises; and we know 
that it does this. During this second month, we used the same 
quantity of kerosene, and in the same way as the first month. 
At the expiration of that time the water was blown off, and an 
examination revealed the tubes perfectly clean; there was, how- 
ever, some scale left in the headers, but it was so soft that it 
could be easily removed with the finger-nails. We used no 
scraper this time, but just closed the boiler, put in two quarts of 
kerosene, and filled it as at first. During the third month we 
blew down two gauges of water every week, and used the same 
quantity of kerosene as before. At the expiration of the third 
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month we blew off the water and opened the boiler, when, to our 
satisfaction, we found it clean—a condition that never before existed 
since we started the boilers. The dirt had all settled in the mud- 
drum and when the blow-off cock was opened, it passed into the 
sewer. Not a teaspoonful of sediment was found inside this boiler. 
I closed this boiler and ran it three consecutive months without 
opening the blow-off cock or changing the water during that time, 
using the same quantity of oil as before. At the end of the three 
months the water was blown off, and no dirt was found in the 
tubes, and very little soft mud in the mud drum. This I thought 
was a very conclusive experiment. We then adopted a rule of one 
quart of kerosene oil per day for each of the 100 horse-power 
boilers, and three pints for the 155 horse-power boiler. The water 
is blown down two gauges every week, and the entire contents every 
month Water is never used to wash them out, nor is a scraper 
necessary ; for the mud all goes out with the water. An examina- 
tion is made of the interior, and we put them to work again. This 
is a wonderful relief to us, for the reason that no scale forms in any 
of our boilers, and the corrosive action mentioned as having existed 
at first has entirely ceased. 

For the information and convenience of our members who are 
chemists, I append an analysis of the Passaic water during the year 
1882, from which they may readily arrive at a fair average of the 
practical conditions under which our boilers are operated. 

Another thing worthy of special notice is, that it was impossi- 
ble to keep a glass water tube in use more than three months at a 
time, and oftentimes they would break within two months. 

sefore using kerosene these tubes would become badly grooved 
and eaten away at the upper ends so that they would break. Our 
engineer came very near losing his eyesight through the breaking 
of one of these glasses, and his face was badly disfigured by being 
cut with the broken glass. Now these tubes do not show any such 
action, and they have been in use more than a year. 

I admit that rubber packing and kerosene oil do not agree ; so to 
guard against any trouble from that source, I had new nuts one and 
one-half inches deep placed at the ends of the glass tubes, and used 
asbestos wicking, dipped in boiled oil and then squeezed dry, for 
packing. They do not leak, and these joints are permanent. 

I never use rubber packing in flange joints about a boiler, or in 
any place where it comes in contact with steam. For faced joints, 
I insert asbestos in sheets one-sixteenth inch in thickness; and for 
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rough joints, the same material one-eighth inch thick. After pur- 
chasing the asbestos, I spread upon both sides, with a brush, all the 
boiled oil that it will readily absorb, and then hang up the sheets 
until required for use. When a gasket is needed, we cut it to the 


bs 
q 
ER 
| AZACERAS | | 
| 
j 
3 


252 THE USE OF KEROSENE OIL IN STEAM BOILERS. 


required size, then rub both sides well with pure graphite, and screw 
it up hot, after which no more attention is required. We have joints 
made in this way which have been in use more than three years, and 
as yet have showed no signs of leaking. I took some of them apart 
recently, and the surfaces separated very nicely, and there was no 
evidence of rusting or corrosive action upon them. <A short time 
since, one of our neighbors had great difficulty in making a joint 
upon a badly rusted mud drum of a shell boiler, and it could not be 
kept tight for any considerable length of time. He made a gasket 
of asbestos prepared as described, and has not touched it since. In 
taking apart our flanged joints, we broke no bolts nor split any nut, 
as is usual with such joints made in the ordinary way; for, when 
those joints were made, we smeared the threads and nuts with 
graphite mixed with boiled oil. This mixture occasionally ap- 
plied to the stems of safety valves will prevent them from cor- 
roding and sticking fast, A small monkey wrench easily re- 
moved the nuts, and none of them were rusted. This is the way 
we treat all of the nuts and bolts upon our boilers, and the same 
mixture is used in putting up steam pipe. The result is that we 
break no fittings nor do we split any pipe in taking them down, after 
years of service. I am aware of instances where graphite used 
upon iron surfaces has shown, when taken apart, a sort of hard 
scale, having the appearance of some sort of cement. This is liable 
to occur when the graphite contains foreign substances, such as 
silica and sulphur. The common, cheaper forms of graphite will 
not give satisfaction for these purposes; it must be pure. The kind 
that I now use, and have used for the past fifteen years, is made by 
the Dixon Crucible Co., who have a special process, by which they 
remove all earthy and mineral substances, leaving the flakes of 
graphite pure. I have never had any unpleasant experiences with 
this grade of graphite, and have used it extensively, not only as 
described above, but also in the cylinders of steam engines. In 
conclusion, I desire to say that crude petroleum has, to my certain 
knowledge, been used in steam boilers during the past eleven years 
and upward, where, with judicious application, it has been success- 
ful in removing and preventing scale. While this is admitted, I 
must also acknowledge that great damage to boilers has resulted by 
not observing the necessary precautions in the quantity put into 
the boiler each time. I will mention but one instance, which is 
that of a tugboat now running in New York harbor. The boiler 
was badly scaled, and some one advised the engineer to use crude 
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petroleum ; 80 he - ave the boiler a good dose ae as he said. In a 
few days the tubes began to leak, and the crown-sheet bagged 
down. The boat was then laid up, when it was found that the 
heavy oil had mixed with the mud and had formed a paste on the 
crown sheet. This paste kept the water from reaching the plates, 
hence the result stated above. This paste was so dense that water 
from a hose would not dislodge it; and I do not hesitate to say that, 
had kerosene oil been used in this instance instead of crude petro- 
Jeum, the boiler would not have been injured. The reason is that 
there is not sufficient body in kerosene oil to form a paste. The 
chief objection to crude petroleum is that it is too heavy, while in 
kerosene oil there is no substance which will stick fast to the in- 
terior of a boiler. 

In kerosene oil we find all that is necessary to accomplish the 
desired object without the objectionable features just mentioned. 
I appreciate the fact that there may be instances where steam is 
blown directly into fibrous materials in the course of their manu- 
facture, and also in the preparation of articles of food, where the 
odor or possibly the taste of kerosene oil might be disagreeable ; 
but such instances are few, when compared with the many, where 


it might be successfully employed for the prevention of scale in 


steam boilers. Some engineers advance very queer theories against 
the use of kerosene ; but I must assert that, for the most part, they 
are only imaginary. We have as yet found no objections in our 
experience. Our boilers do not lift their water, they are free from 
scale, and our fuel bill is thereby greatly reduced. 


DISCUSSION. 


Mr. J. T. Ridgway.—There are many engineers who never have 
used mineral oil or its products in steam boilers as a scale remover, 
and Mr, Lyne’s paper will be of great benetit to those who are 
troubled with scale in their steam boilers. Whether the formula 
quoted by Mr. Lyne from Nystrom, to calculate the loss in 
evaporation due to the presence of scale, is correct or not, we are 
all agreed that heavy scale in steam boilers is not only a great loss 
in the evaporation of water, but even positively dangerons from 
the liability of burning the plates, which thus are deprived (whether 
iron or steel) of the necessary strength to withstand the steain pres- 
sure; frequently disaster results to the whole structure. 

[ have been using crude petroleum for the past twelve years, and, 
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by experiment, have found it more efficient than kerosene, but have 
been very careful to use crude oil 44° to 50° gravity, and not an oil 
that has been reduced and put on the market as a cheap lubricating 
oil. Different types of boilers require different treatment. While 
Mr. Lyne could charge the Root boiler heavily and frequently with 
impunity, as the detached scale would soon find its way to the mud 
drum, and be remote from the hottest place in the boiler, in a hori- 
zontal tubular boiler such would not be the case. The scale, being 
loosened from the flues and shell, would collect in one mass on the 
bottom sheet in position to do much harm (when there is heavy 
firing) if not soon taken out. My practice has been (and with good 
results): Three days previous to washing out in a 54” x 15’ boiler, 
to put in about a quart of crude petroleum (not lubricating oil); the 
day before washing out repeat the dose, and on the day that the 
fires are to be hauled put in about two pounds of sal soda. Then 
wash out from the top first, with strong water pressure. On re- 
moving manhole or handhole plates below flues, on the lower sheets 
there will be a fine collection of loose scale, which can be easily and 
quickly taken out. 

The apparatus which I use for introducing the oil and soda into 
the boiler is not as elaborate as the one used by Mr. Lyne. In the 
water supply pipe near the injector, I put in a quarter-inch pet 
cock, on the end of which is attached a piece of rubber tubing, say 
12 inches long. To operate this, have the desired quantity of oil or 
soda water in an open vessel. Start the injector, giving it a limited 
supply of water, drop the free end of the rubber tubing into the 
liquid, and open the pet cock. The contents of the vessel will 
very soon be drawn through the tubit 
necessarily pass into the boiler. 

The whole expense of the rig is about one dollar. 

Mr. J. H. Cooper.—l have had no experience with kerosene as 
a boiler purger, but found, during many years of application to boil- 
ers in Philadelphia, that a petroleam compound known as Allen’s 
Anti-Lamina, worked well to prevent and remove scale. Latterly I 
have known and tried the Eucalyptus extract for cleaning boilers 
and keeping them so. I met some wonderful statements about it 
while sojourning on the Pacific coast, and sought to prove them. 

It was then premature to say that this new boiler purger had 
become a universal cure for all the infirmities to which boilers are 
liable the world over, from the impurities of feed water; but the 
fact can now be stated certainly, that, so far as tested, in the East as 


ig by suction, and must 
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well as the West, it has performed all that is claimed for it, remov- 
ing and preventing scale every time and from every water upon 
which it has been tried. 

To engineers the following statement will prove interesting, and 
the facts of it have been fully realized by myself: 

The Eucalyptus scale preventer is not only harmless upon the 
boiler plates, but it absolutely prevents the rusting of them, and 
in the case of steamboat boilers it neutralizes galvanic action and 
preserves them against pitting. It has been used, alsv, with marked 
success for removing grease from condensers. 

Mr. Louis G. ny /.—I am induced to offer the following, be- 
cause caustic soda and other materials which may possibly increase 
the gravity of the water and cause foaming, have been suggested as 
substitutes for kerosene, and by the clause near the end of Mr. 
Lyne’s paper, “Our boilers do not lift their water,” as tending to 
that condition. 

In a laboratory experiment of about twelve hours’ duration in 
two similar glass beakers with similar Bunsen burners under them, 
there was a marked difference observed in the manner of boiling 
between the beaker containing distilled water and a quantity of 
scale, and the beaker containing distilled water, a small proportion 
of kerosene, and a similar quantity of scale. In the beaker with 
the kerosene the boiling was much more rapid, either due to a loss 
in gravity of the total liquid, or to the lubrication of the particles 
of water by the oil, as the other conditions were apparently the 
same. And further, when the oil had been boiled out of the 
water by long evaporation, till the water was practically odorless, 
the two beakers boiled in a similar way, but a difference was imme- 
diately observed on adding oil to one beaker. The experiment was 
not strictly quantitative, and I would not like to state that more 
water can be evaporated by adding oil to it and boiling than by 
boiling alone; but it seemed so in this imperfect experiment. 

[ am inclined to favor the lubrication theory, as the gravity was 
probably not sensibly affected by the mechanical mixture of oil and 
water; and as it is certainly possible to diminish the friction be- 
tween the wind and the surface of the water by a film of oil, it 
may be possible in a similar way to diminish the friction between 
the particles of water themselves. 

I trust that some one may have tried the same experiment and 
arrived at the same conclusion. 

Prof. J. E. Denton.—Myr. Lyne’s paper bears on a very impor- 
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tant subject. The manner in which he has handled it shows his 
skill in taking care of his establishment, and the knowledge of that 
fact and others makes me think that kerosene would not always do 
as wellelsewhere. I have known kerosene to be injected into boilers 
as the paper describes and give no satisfaction, first, by not removing 
the scale and secondly, by neutralizing the effect of the lubricant of 
the engine cylinder. If the kerosene returns to the liquid form— 
I won’t attempt to trace how it could—if it returns to the liquid 
form after reaching the steam cylinder and mixes with the cylin- 
der lubricant, a very slight quantity of kerosene will very largely 
reduce the viscosity or body of the lubricant. In some steamships 
the injection of kerosene has been abandoned because of this de- 
terioration of the lubricating effect of the cylinder lubricant, so 
much of the kerosene going out of the boilers with the steam that 
no practical good was derived from the oil in loosening scale. The 
latter was always loosened, however, by the direct application of 
kerosene with a swab. 

These facts make me think that kerosene may be quite universal 
in its effect if it is made to reach the scale, but that boilers differ in 
the matter of allowing the kerosene opportunity thoroughly to 
attack the scale. 

In regard to the statement that petroleum sinks to the bottom of 
the water and bakes upon the surface of the boiler, reducing the 
conductivity and therefore causing burning, it is quite a common 
practice, I believe, in steamships to pump in petroleum on vertical 
surfaces and let it drip down over surfaces showing corrosion ; and 
large quantities put in for such purpose have not given any such 
trouble as the paper describes. I know of other cases like the one 
the paper describes in which the petroleum has apparently baked 
on the surface, and the opinion is prevalent that a slight quantity 
of petroleum thus deposited will largely increase the lack of con- 
ductivity of the scale, but the best data regarding such cases indi- 
cate that the animal ingredient mixed with petroleum in steam 
cylinder lubricants is more responsible for these deposits than the 
petrolenin itself. 

I recently had cause to think that the true way to arrive at what 
to put into the boiler is to analyze the scale, and not the water. A 
very scientifically prepared compound based on an analysis of the 
water, I knew to fail; but a very remarkable instance has lately 
come to my notice in which, everything else failing, a compound 
adjusted to the scale was successful. 
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Mr. Geo. H. Babcock.—PBefore Mr. Lyne closes the discussion I 
will say that something over twenty vears ago, I think, I knew of 
petroleum being used in Providence, where the scale is very bad, 
by first emptying the boiler, then putting in a quantity of kerosene, 
and pumping water into the boiler. The kerosene floated on top 
of the water and touched every part of the scale. That was a 
Ilarrison boiler. It was the only way they could get at the scale, 
and it proved to be quite efficient in that case. 

Mr, Schuhmann.—May I ask what that scale consisted of 

The Pre sident.—Mainly sulphate of lime. 

Prof. Denton.—Uow long did it take to do that? How slowly 
was the water made to rise ¢ 

The President.—Pumped up at the ordinary speed of pumping 
up a boiler. The boiler was in the Providence Tool Company’s 
works. 

Mr. Lyne.—l\ desire to say that I have some scale taken from 
the boilers upon which we made these experiments, That scale 
had been soaking in kerosene oil for over a year, and there is no 
perceptible action in softening. It seems to be only by the boiling 
process that it is disintegrated and loosened, and prevented from 
forming in the boiler. I am also aware that it is not a new thing, 
and that almost every conceivable substance has been put into boil- 
ers for the prevention of scale. I can recall one instance in New 
York where a friend of mine thought he would try some potatoes, 
and inside of a week he could get potato skins out of almost all the 
pipes. Wherever he opened a valve he found potato skins. 

In regard to the use of crude petroleum, I have not received a 
reasonable answer when the question has been asked as to why it 
should be used. It has a heavy body, and I think it objectionable 
in a boiler. With kerosene there is not sufficient body to canse any 
harm, A common laborer attends to our boilers in that particular. 
He simply puts the kerosene into the receiver. It does not require 
any special skill. 

[ have been asked to explain what I said about the safety valves 
with a cast-iron bonnet. Perhaps you may not all be aware that 
there is sold in the market a cheap form of safety valve with a cast- 
iron stem fitting through a cast-iron bonnet. Now I have known 
dy putting a little oil 
graphite onto that stem, say once in two or three months, it 
will not stick. Then with reference to the breakage of water 
glasses, With our boilers, before we commenced to use kerosene 
17 


such safety valves to cause boiler explosions. 
and 
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oil, there was a very marked corrosive action above the water-line, 
and the flanges of the safety valve were wasting away. The water 
glasses would become grooved at the top, and we could not keep 
one in more than two months at a time. Since we commenced 
using kerosene oil there is no evidence of corrosive action, and 
these water glasses are now just as good as ever. The last one we 
put in has been in over a year. They do not leak, and we see no 
grooving or chemical action, as was evidenced before. Of course I 
am aware that it is impossible to make a universal medicine for all 
diseases, and, in my opinion, the scale should be analyzed before 
any chemical compound is put inside a boiler, to be sure that it will 
not attack the iron. I have known boilers to be injured by putting 
some compounds into them, and where they were, so to speak, poi- 
son to the boiler, causing corrosive action, ete. 

I want to say further, that, in my opinion, it is not right to set a 
shell boiler in a horizontal position, because I have known cases 
where crude petroleum and kerosene oil have been used and the 
scale was precipitated on the fire surfaces, causing the plates to bag. 
The boiler should be inclined, to give the scale a chance to slide 
away from the hot surfaces. 

Mr. L. &. Engel.—I rise to defend the potatoes. 1 think that 
potatoes are in common use in some parts of the country, and I 
know of at least one case in which they were used with good effect. 
If the gentleman will kindly tell us what we are to use to dissolve 
a silicious scale out of a boiler, there would not be any occasion to 
use potatoes. I believe potatoes act very much as the white of an 


egg does with coffee. I cannot see the necessity, either, for putting 
potato skins into a boiler. The essence of the potato is all that is 
necessary. The potatoes mashed up have a sufticient effect without 
the skin. 
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THE MILLING MACHINE AS A SUBSTITUTE FOR 
PLANER IN MACHINE CONSTRUCTION, 


BY JOHN J, GRANT, PHILADELPHIA, PA. 


(Member of the Society.) 


FINISHING surfaces by rotary cutters, or, in machine shop vernac- 
ular, milling, has not received the attention from mechanics and 
proprietors of machine and tool factories which it deserves. There 
appears now, however, an awakening among engineers to the 
importance of using the milling machine as a substitute for the 
planer, and it is safe to prophesy that the places of the two machines 
will be reversed, and the planer become the jobbing tool instead 
of the milling machine, as now. During the years 1861 to 1865, 
inclusive, more was done toward the development of the milling 
machine than in fifty years of previous experimnenting. The use 
of the milling machine has made it possible to produce the parts 
of guns, pistols, sewing machines and other articles of a similar 
nature, at a trifling expense as compared with the planer, or the 
old and tedious method of jig filing. That it has attained a 
very high state of perfection in the above branches of machine 
work is well known to all mechanics: that it should have been 
neglected, and not developed in the field—much wider and of 
quite as much importance—of 
a mystery. 


general machine building, is no less 


There is no reason why the milling machine should not be used 
te finish the various parts of machine tools, locomotive or 
stationary engines, and other large machinery. It may be asserted 
that there isno part of a locomotive now finished on the planer 
which cannot be done on the milling machine, if properly designed 
for such work, and at a cost of from one-half to one-tenth, 
besides, in most cases, producing far better work and nearer to 
interchangeability. 

In conversation with master mechanics, superintendents of 
shops, and others interested in such matters, the reason given for 
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not using the milling machine has been the cost for cutters; and 
in return the answer should be that milling eutters are not as 
expensive as the single pointed planer tool, to produce a given 
amount of work. This is known from an experiment made by 
myself, which was as follows, and although not absolutely cor- 
rect, is sufficiently so to make the relative cost of producing work 
on the planer and milling machine obviously in favor of the 
latter. 

One hundred pieces of cast-iron 16 inches long, large enough to 
finish 14 inches by 1 inch, used for lathe racks, were given to the 
man in charge of the milling machine, and an equal number of 
the same pieces to the man in charge of the planers. The cutter 
used on the milling machine was simply a plain, spiral cutter, of 
21 inches diameter by 2 inches in length, costing to make in the 
shop, including stock, labor and shop expenses, two dollars and ten 
cents. This cutter was sharpened but once, and then after the 
completion of the job, which consisted in roughing the four sides 
of the 100 pieces. The periphery speed of the cutter was 26 feet 
per minute and the feed 3,5, inches per minute; time consumed, 
44 hours, 39 minutes. Two milling machines were used—one or 
roughing and one for finishing cuts. The eutters required grind- 
ing at the end of the job, and so were chargeable to it; the time 
required to grind them was 22 minutes. The wages of the boy 
running the machine was 9 cents per hour. The total cost for 
finishing the 100 pieces on the milling machine was as follows : 


44 hours 39 minutes, at 44 cents each per hour... 
Sharpening cutters, 22 minutes at 30 cents per 


> 


The cost of the same number of pieces finished on the planer 
was as follows: 

Planers used were two 16 inches square by 8 ft.; platen running 
24 feet per minute cutting speed ; return 2 to 1; the feed was as 
coarse as could be used on the roughing eut,—that is, about 22 per 
inch. Time consumed on each planer, 25 hours, 46 minutes ; 
wages of man running the planer was 25 vents per hour. The 
total cost for finishing the 100 pieces on the planer was as fol- 
OWS 


Shop expenses at 35 per cent. of labor............ 1 39 
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24 hours 35 minutes each machine, at 25 cents per i 


Grinding and setting tool 19 times, 1 hour, 21 


Shop expenses, 35 per 2 22 
— 
Balance in favor of milling machine.............. 3 09 


This, you will bear in mind, is showing the planer to its best, 
and the milling machine to its worst advantage. Where the mill- 


ing machine makes the best showing is in irregular work, which i 
in the planer requires the constant attendance of the workman— t, 
such as planing close to shoulders, cutting bevels and T’ slots, and & 
jobs of a similar nature. i 

The advantage of the milling machine is then seen, as the cost ‘i 
for attendance is, often, not one-tenth, owing to the fact that a i 
much cheaper workman can run several machines. The cost of 


tools in each case was as follows: 


Milling cutters, first cost, $2.10 each. ........... $4 20 
Grinding once, 22 1l 


Total cost 


Planer tools, first cost, 42 sO 84 if 
Re-dressing by smith, 16 


Grinding and setting roughing tools 19 times, 1 


Grinding and setting finishing tool 6 times........ LO ‘ 


Expense of keeping tools in order } 


And for planer . 59 } 


Balance in favor of milling machine 


This does not include the time of workman’s loafing in the 
smith-shop, this trouble being entirely done away with in the ; 
milling cutter. The milling tools after this trial showed no per- 
ceptible wear, or difference in size, and it is safe to say that they ; 
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would finish fifty such lots of 100 pieces. The cost for tools in 
that case would be about as follows: 


Milling machines, first cost...................4. S4 20 
Grinding 50 times at 11 cents .. 5 50 


Total cost 70 


Planer tools, first cost 

Re-dressing roughing tools 50 times at 16 cents... 
Grinding and setting 950 times at 1 73-100 cents. . 
Finishing tool 10 times at 16 cents.............. 
Grinding 300 times at 1 73-100 


Total cost 


This calculation on the life of milling cutters is based on what 
has actually been done in the American Sewing Machine Com 
pany’s works, where I now have charge. Since February 15th of 
this year, up to the present writing—Sept. 14th—there has been 
finished by one set of cutters about 15,000 sewing machine beds, 
the cut being about 6 inches long. These cutters have been ground 
but five times and show but a very little reduction in size. Com- 


Balance in favor of milling tools S99 3G 


mon sense teaches that a continuous rotary cutting motion will pro- 
duce more work than a reciprocating or intermittent one. If in- 
ventors would turn their attention to the further development of 
the milling machine, for general machine work, instead of the quick 
return of planers, they would benefit themselves and be doing the 


mechanical world better service. Some of our large machine and 


tool builders are using the milling machine to their great advantage. 
The following may be mentioned who, to my knowledge, are using 
regular and specially designed milling machines to their profit. 
Brown & Sharp Manufacturing Co., The Pratt & Whitney Co., 
The Baldwin Locomotive Works, The Straight Line Engine 
Works, and others, 

In conversation With one of the members of the Society, he men- 
tioned a milling machine shown to him in Scotland, having a face 
mill or cutter 8 feet in diameter. This machinewas used to face off 
the ends of beains, sheets, and such work. 

In the construction of machine tools it is possible to mill every 
part of an engine lathe, a great part with common straight cutters 
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and the balance with special ones. Modern cutter grinding ma- 
chines, with their attachments, have made it possible to keep cut- 
ters sharp and in perfect shape, so that the old and expensive 
methods of grinding by hand, or annealing and working over, need 
not be resorted to, and modern ideas of the sizes of cutters neces- 
sary to do work make their first cost much less. A cutter of 2 I 


inches to 2 1-2 inches is now used where formerly it was thought 


necessary to use one of from 4 to 6 inches diameter. 4 

The field of regular and special milling machines for small 4 
work being pretty well worked over, what is wanted is more if 
special machines and fixtures, built for and adapted to the finish- i 
ing of parts of such machinery and tools as are now finished on the i 
planer. i 


In the shop at Flushing, Long Island, with which I was 


formerly connected, milling machines and special milling fixtures 


Fig. 57. 


were adapted for nearly every part of the 14 inches swing engine 
lathe. The only part of this lathe not milled was the bed and a 
small part of the carriage, and this was under consideration when 
the partnership was dissolved. As to the cost of milling some of 
the work, without going into details, we will take the matter of the 
feed apron, on which there were taken 12 cuts, it being finished 


all over, being shaped as in Fig. 57. The entire cost of finishing i 
this apron, 16 inches in length and 7 inches wide, was but 7 cents, i. 


with the extra advantage of each and every piece being an exact 
duplicate. Should there be any tool builders present, they can tell 
the cost of planing the apron shown. ; 
A man employed in the shop offered to finish 6 ft. 14 inch lathe , 
beds for 60 cents each if I would build for him a milling machine : 
such as had been sketched out. We were at that time paying 
$3 each for planing them. 
I have been informed that the Pratt & Whitney Co. are con- 
sidering the feasibility of constructing a milling machine for this 
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purpose: should they do so, it would be safe to guarantee its practi- 
ability. The Putnam Machine Co., of Fitchburg, Mass., have, act- 
ing upon my advice, made a milling fixture for an 84-inch square 
planer, for facing up the ends of planer and lathe beds when it is 
necessary to join them together. This arrangement works perfect- 
ly, the ends being milled off before the bed is removed from the 
planer platen. When bolted together the two pieces are as near a 
true plane as itis possible to make such work, while the time con- 
sumed was less than it would take to remove the bed and place 
it crosswise on the planer platen. 

In several tool-building shops, fixtures are used for finishing the 
ends of lathe beds, they being bolted to the bed and run by a round- 
about belt and having automatic feed. The cost for this work is but 
little more than the cost of attaching the fixture to the bed and 
removing it after the work is done. 

There is hardly any limit to the devices for milling fixtures. 
Large shafts can be splined when in position; key-ways cut in 
large fly wheels; and in locomotive construction and repairs, an 
immense amount of money could be saved in this way. 

A large special milling machine has just been finished for use in 
the Straight Line Engine shop at Syracuse, N. Y. Ina communi- 
cation received fro... the President of the Company a short time 
since, he mentioned the fact that the machine was just completed 
and he was at that time engaged in milling out the T-slots for bolt 
ways in the platen, which was being accomplished at the rate of 2 
inches per minute. A few words from him in relation to its merits 
as compared with the planer would, no doubt, be very interesting, 
and also the same from the President of the Ferracute Machine Co., 
of Bridgeton, N. J., on an immense milling machine which they 
are constructing for their own use. 

The advantages of the milling machine over the planer are 
many, among which are the following: Exact duplication of 
work ; rapidity of production—the cutting being continuous; cost 
of production, as several machines can be operated by one workman, 
and he not a skilled mechanic; and, cost of tools for producing a 
given amount of work. 

It is not possible in a short paper to show more than a few of the 
advantages, but if an interest is awakened in the possibilities of the 
milling machine, in cheapening the cost of machine work of all 
descriptions, the object of this paper will have been accomplished. 
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DISCUSSION. 


Mr. H, R. Towne.—Mr. President, I would like to draw out fur- 
ther information on this point, which is a very interesting one. I 


understand that the author’s advocacy of the milling machine in- 
cludes that tool, whether used with inserted cutters or solid cutters. f 
Where the solid cutter is used there are two forms of tooth which i 


are in use: one admitting of grinding and sharpening without alter- 
ing the form of the cutter materially, and the other not; the 
former having but a few teeth, wel] supported, and admitting of 
considerable redressing, the latter having many teeth at much 
closer intervals, and not admitting of dressing. 1 would like to 
ask Mr. Grant whether his experience covers the use of both forms 
of cutters, and, if so, which it would indicate to be the better in the , 


long run 
Mr. Chas. Potter, Jr.—I have had some experience in the use of ; 
large milling machines during the last three years. ‘ 


I think we have one of the largest, if not te largest milling ma- 
chine in this country. It is an invention of our own, constructed 
for our especial use (printing presses), and will take work seven 
feet wide and sixteen feet long. 


It has seven cutter heads, five 
using horizontal or upright spindles with disks and inserted cutters, 
and two using solid cutters with spiral or straight cut. The dura- 


bility of the cutters has far exceeded our most sanguine expecta- 
tions. For our use we deem it fully equal to four of the best kind 
of planers of similar size. 

Prof. J. B. Webb.—I should like to ask Mr. Grant whether, in 
milling machines of that class, it is customary to have a grinding 


machine attached to the milling machine itself, so that the cutters 
may be ground without taking them out of the machine, or, 
whether they are ground separately and reset by the gauge ¢ ‘ 

Prof. J. BE. Denton.—The paper promised that we should hear 
from Mr. Smith and Prof. Sweet about some new machines. I 
should be glad to have that promise realized. 

Prof. John Ek. Sweet—I1 would like the indulgence of the 
society for a few moments while I describe the machine to which 
Mr. Grant has called attention, and I do this believing you will be 
interested in it. It is a novel machine in so many respects, that 
when people come into our works and see it, one man says, “* Well, 
you have got a new planer.” The next one, “ That is rather a 
novel milling machine.” 


Another may come in and see us doing a : 
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different class of avork, and say, ‘ That is a pretty good boring ma- 
chine.” Another will say, “ You have a novel radial drill;” and 
another, “ That is a regular profiling machine.” It is, in fact, a 
planing machine, with a vertical spindle in the place of an ordinary 
planing tool. To describe the machine: the bed is cast with the 
side plates, but not with cross-girths, as a planer is made, but with a 
solid top and bottom, so that it is a square box with a bottom, top, 
and sides. The object of putting the iron in that way is to prevent 
torsion. The bed, instead of being twenty-four inches deep, with 
a four-inch table, is twenty inches deep, with an eight-inch table. 
The table is cast in a box form with a complete top, a complete 


bottom, and three vertical webs. We use cutters as large as eigh- 
teen inches in diameter, and as small as half an inch, and the man 
who runs the machine says he can manage a 3-16 drill easily. The 


table weighs two and a quarter tons, and the man, with a crank ten 
inches in length, runs the bed with perfect ease, and it runs an inch 
and a half at each revolution. The cross-head weighs a ton, and is 
counterweighted so nicely that the man can run it up and down 
with the ten-inch crank comfortably. The cross-head is guided on 
one post by a guide four and a half feet in length, and simply rests 
against the other post to keep it square with the bed of the machine. 
The counterweights are suspended by band-saws (without any teeth) 
about one and one-half inches in width. The posts are like the 
planer posts except that they are cast hollow for the counterweighits 
inside. The counterweight bands run over sheaves two feet in di- 
ameter, ground to exactly the same diameter, fastened together 
with a rigid shaft, and the journals are simply rolling journals 
running upon flat surfaces. They only have to move about an inch 
and a half. The machine feeds the bed in both directions. It also 
feeds up and down by power as well as by hand. We use it for 
boring, drilling, milling, and planing. It was made particularly 
for our engine work. The cylinder of our engines being cast on 
the frame, gives us a great deal of small work to be done on the 
heavy castings, which would have to be moved in the usual shop 
tools. The idea of this machine was that we could move the castings 
slow and the cutter fast, save power, and do the work much faster. 
We do everything in about one-half time that it would take on a 
planer, but the engine work is especially fitted for it. We succeed 
in making a steam-tight joint between the steam chest and the 
cover. We are able to cut slots, as Mr. Grant says, two inches to 
the minute. We have milled off surfaces at a speed of eight inches 
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a minute, and the maximum, when the worm gearing is used, is st 
the rate of 4, to a revolution, but less when the spur gear is in use. 

Mr. W. FL Durjee-—Quite a number of years ago (1848) there 
was a milling machine built in England by Messrs. E. B. Wilson & 
Co., of the Railway Foundry, Leeds, from the designs of Mr. Rob- 
ert Willis, the foreman of the 
works, This machine was in- 
tended for milling out and fin- 
ishing complete, at one oper- 
ation, solid forged crank shafts 


of the English locomotive, and 
the general ideas involved are 
illustrated by the accompany- 
ing sketch (Fig. 75): * 


The axle was supported by 


centers C,C, by means of tem- 


porary crank arms, A, A, the | Fig. 75 
erank slab, 8, lving horizontal, 


directly opposite the mill, M, 
which is made with inserted teeth or cutters, and has a diameter of 
fifty-one inches, and a circumferential speed of twenty-eight feet per 
minute. After all the adjustments are made, the crank, with its 
supports, is moved toward the mill M, until enough of the crank 
slot is cut out; the horizontal movement of the crank is then 
stopped, and it is given a motion of rotation about its supporting 
centers (the mill M still continuing to revolve), which, of course, 
must be located on the prolongation of the axis of the crank pin, as 
finished, The movements described result in the cutting out and 
completion of one crank block of twelve inches throw in 94 hours. 
Mr. John T. Hawkins Iam inclined to believe that the gen- 
eralization of Mr. Grant, to the effect that the milling machine 
should or will occupy the position now held by the planer, or that 
their present fields will ultimately be reversed, must, to a con- 
siderable extent, be modified, and particularly in performing some 
grades of work; that is to say, in the cases of large castings of 
light dimensions, requiring to have not only some of their surfaces 
dressed into shape, but also be straight and true when finished. 
In many such cases it is not practicable to use milling cutters, 
whose effort is exerted in a line parallel to, or whose axis is at a 
* This machine is fully illustrated by a scale engraving facing page 97, and is 
described on page 104 of Vol. I., Practical Mechanve’s Journal. 
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right angle to, the surfaces to be dressed; as, for example, in mill- 
ing out a wide-bottomed groove with more or less vertical sides. 
In all such cutters there must be a very considerable downward 
pressure, or a pressure at a right angle to the main surface. In 
many such pieces of work as indicated it is not easy to support 
them at a sufficient number of points to insure their being straight 
when finished, under pressures coming from such a cutter, even if 
more than one cutter be used so that a very light cut may be 
taken to finish it, and the work be reset for the finishing cut, as 
must generally be done on the planer. In the latter case, too, 
the expense or first cost of cutters will be doubled. A planer tool, 
operating upon a comparatively narrow strip of surface at one 
time, if properly formed, exerts little or no pressure downward or 
at right angles to the surface planed, and therefore will not cause 
such a casting to spring away from it, as.a milling cutter would. 
It would be difficult, in such a discussion, to enumerate the various 
varieties of work to which these considerations would apply; but, 
having daily to deal with precisely this class of work, and making 
more or less a study of the question as to how it may be done 
cheapest, particularly as between a planer and a mill, I am_ per- 
suaded that the milling machine can never supplant the planer to 
the extent indicated by Mr. Grant. I admit that the field of the 
mill may be still very largely extended, as it has been in the past 
few years; but that the milling machine can ever become the job- 
bing machine to the exclusion of the planer now occupying that 
place, Ido not believe. I would like to hear from Mr. Grant, 
however, when he replies, as to whether any experiments have 
been made to show the comparative pressure of wide-faced mills 
at a right angle to the surface to be dressed when their axes are 
parallel thereto. 

Mr. John J. Grant.—I would say in answer to Mr. Hawkins, 
that the class of work he mentions as not being able to do is one 
of the very few kinds which can be accomplished on the planer 
better than on the milling machine. 

As to the amount of downward pressure by a cutter, I have not 
made any tests and do not know of any having been made, to de- 
termine it. I should think that such work ought to be done in 
institutions such as the Stevens Institute School of Technology 
and others, Since the paper on the milling machine was written, 
I have received the following from the President of the Putnam 
Machine Co., of Fitchburg, Mass.: “The rack cutter is doing 
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splendidly, and you would be surprised to know the amount of 
planers which it is saving; as you will remember we formerly cut 
all our racks with planers.” 

The rack cutter referred to was designed by the writer for cut- 
ting racks up to 2 pitch (diametral), which it does at a single cut 
with milling cutters, at a cost of one-quarter that at which it is 
usually done on the planer, and far more pertectly. 

Replying to Mr. Towne in regard to what is called the involute 
cutter or common spiral cutter made on a milling machine, I would 
say that for anything in an irregular shape I would use that form 
of cutter; but for any other purpose, I would use the common 
form of cutter. 

For very wide, thin surfaces, I would use a face mill or rotary 


planer, that is, a number of inserted cutters, around the face of 


the disk, the work either set up against an angle iron, or turned 
the other way, as Professor Sweet mentioned, on his machine. 

Replying to Professor Webb, I would say that on machines 
using a straight cutter I would put a fixture for grinding on the 
bed of the machines, so that each tooth should do its own amount 
of cutting; but where the cutters are irregular in form this cannot 
be done, and it is necessary to grind with a special fixture. 
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CCLXXVIL 
ANEW VETHOD OF STOCKING AND RELOADING COAL. 


BY JAMES M. DODGE, PHILADELPHIA, PA 


(Member of the Society.) 


Tuk conveyors employed for this work are of two varieties: 
The first, called the tlying-extension, consists of an endless chain, 
to which are attached flights or scrapers, forming a chain conveyor, 
at the lower end of which is a sprocket wheel situated under the 
railroad track, and the other end passing around a traction wheel 
secured at the upper end of a pole, which is held in an upright posi- 
tion by suitable guys. (Figs. 58 and 5.) The conveyors of this kind 
which are now in use are about one hundred and fifty feet long, 
with the upper end located from fifty to seventy-five feet above the 
ground. The scrapers are 8x 20” in size, and are placed at inter- 
vals of two feet on the conveyor chain. There is no support for 
the lower strand of chain between the foot and head wheels. The 
upper strand is supported on idler wheels at intervals of fifty feet. 
These wheels are either suspended on wire cables or supported by 
light trestle-work, if convenient. The province of the ftlying-ex- 
tension is to take coal from the dump situated above the lower end 
and convey it toward its head wheel, thus forming a pile of coal 
the general shape of which is conical, with the apex under the 
lower strand of chain, and if the conveyor is fed until it has con- 
veyed coal to its upper end, the apex will be directly under the 
head wheel, forming a pile, say sixty-five feet high and three hun- 
dred feet across its base, and containing about twenty thousand 
tons. The pile of coal so formed is in the best possible condition 
to be reloaded, as there is no trestle work or other timber obstruc- 
tion, excepting the pole, in it. In the event of it being advisable 
to use the same apparatus at another place after its having built 
one pile, the only portion remaining in the pile would be the pole, 
the value of which would be about $15. The apparatus described 
has a capacity of about two tons per minute, and this could be in- 
creased almost indefinitely, if required. It is difficult to make a 
comparison between the cost of stocking coal by this method and 
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the ordinary plan of using hand labor after the space under the 
trestle has been filled up, because it is practically impossible to 
make such immense piles of coal by hand. The average cost, how 
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ever, of stocking coal on either side of a trestle to a distance of 
say twenty feet is about thirty cents a ton, whereas the cost for 
stocking coal with the flying-extension is but a fraction of this 
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amount. There are four of these conveyors now in use at the } 
wharves of the Philadelphia and Reading Railroad Company at 
Port Richmond, Philadelphia, and others in process of erection. 
For reloading the coal into cars after it has been stocked, a con- 
veyor is used which is so constructed that it may be moved sideways 
toward the base of the pile, and kept running continuously while 
it automatically attacks and conveys the coal toward the trestle 
from which it was originally dumped, at which point it discharges } 
the coal into an inclined conveyor which elevates it to a loading- 
pocket, from which it is tapped into ears. 


The reloading conveyor 
is so constructed that it can be swung to the right or left, and is 
capable of operating on either side; consequently, by locating it 
between two flying-extensions it would be able to reload the coal 
stocked by either of them. 


by means of the ftlying-extension 
and reloading conveyors it is possible to store immense quantities 


of coal on vacant land at some distance from the sea-coast, and 
cheaply reload it and deliver it at tide-water as called for, instead 
of storing coal under expensive trestle work and upon valuable 
dock property. 


DISCUSSION. 


Mr. W. F. Mattes—Mr. Dodge’s illustration shows the coal 
stored in a conical pile. He plans a conveyor, for reconveying a 
that coal from the pile to the railroad, and I would like to ask 
him how he proposes to gather up the coal on the exterior of 


these piles. 
Mr. Dodge.—This reloading conveyor swings around the verti- : 


cal line of the mast, removing all the coal excepting that in a 
relatively small crescent. If the pile contained 25,000 tons, this 
little crescent would contain about 1,000 tons. It would not pay 
us to have a reloading conveyor long enough to get that, because 
laborers can trim this small amount into the conveyor. 

Mr. F. F.C. Davis—I would like to ask what the effect is 
found to be on the coal itself—whether the coal is not more or 
less destroyed and rendered somewhat unmarketable by the fric- 
tion of the coal particles on themselves, and also how large a size 
of coal this is adapted to—whether they can use it for as large as ' 
egg, or whether it is limited to stove. I would also like to ask 
about what is the steepest angle on which Mr. Dodge can make 
them work. 
18 


1 
3 
73 
27: 
t 
t 
| 
‘ 
4 
fi 


nN 


A NEW METHOD OF STOCKING AND KELOADING COAL. 


Mr. Dodge.—1 would answer the first question about the break- 
age of coal by stating that the Philadelphia and Reading Road 
made us contract to pay for any breakage of coal in excess of 
their average, and we received a report, after handling 31,000 tons, 
in which they complimented us and said they had less breakage 
than formerly with hand labor. We have dumped a car of steam- 
boat coal into a conveyor and carried it up on the pile without 
any trouble, although if we were going to handle very large lumps 
we would use heavier scrapers and heavier chains than we are 
using. Up to furnace coal or broken coal the devices we have 
now are heavy enough. If we lift the coal 60 feet it will run out 
about 120. We could run the conveyor up at a much steeper 
incline than that, but there would be no advantage in it. The 
size of the pile is governed, of course, by the amount of property 
which we have to cover. In this case the head wheel being 80 
feet above the ground, the base of the pile would be about 320 
feet across. 

Mr. Davis.—I wanted to get at the steepest angle of the chain 
to carry the coal up. 

Mr. Dodge.—1I could not tell the angle except this way, that we 
are running, for instance, 40 feet high and only & feet out to the 
perpendicular, although to do that we have to have very large 
scrapers and make the trough high at the sides. If we wanted to 
elevate perpendicularly, we would use a bucket elevator. 

Mr, Davis.—I understood that the chain simply dragged the 
coal over itself. 

Mr. Dodge.—That is true, but Tsay if we want to run up more 
vertically than the natural inclination of the coal, we would have 
to use the trough. 

Mr, Davis.—Don't you find the capacity is very much decreased 
as you increase the pitch ? 

Mr. Dodge.—Decidedly. 

Mr. Davis.—That is one thing I wanted to get at, as to what 
pitch you can make it practicable to handle coal with a system 
without a trough. What I was interested in was, how far you 
could go without the necessity of using troughs. 

Mr. Dodge.—We have formed one pile 50 feet high at a dis- 
tance of 100 feet from the trestle. Although we use no regu- 
lar trough, we put down every 10 or 15 feet old pieces of boiler 
shell with the round side up, so that it would ease the scrapers a 
little. We did not notice that there was any special difference in 
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power required whether we use a trough or not, as we did not 
have an indicator on the engine. 

Mr. Davis.—We stock a great deal of coal at the other end of 
the road at the mines, but we have found it necessary to use 
troughs 8 inches, 16 inches, and 24 inches in width. We scrape 
uphill with them as high as 7 inches to the foot. Of course we 
do not carry quite so much with a chain that way as we would if 
it was flatter; but we do it in that way as a matter of convenience 
to get up the side of the hill. We found one point about it which 
I thought would give you trouble. We never drive tle chain at 
the lower end if we can avoid it. We always drive the chain 
from the outer end. We have less friction and much less liabil- 
ity to get foul and break the chain. We carry out power by rope 
transmission and drive at the outer end, and we do that as far 
sometimes as 1,600 feet from the engine. We do that without 
any inconvenience in all kinds of weather, with manilla rope. 
We found them better practically than the wire ropes. We find 
it necessary to put the troughs in, and that is one of the largest 
items of first cost—the wear and tear of them is very inconsider- 
able and the wear of the coal is very slight indeed. That is the 
reason why I ask about coal running over itsell, because you 
know how coal is injured for the market by the abrasion of the 
corners, and [ had always supposed that it would render the coal 
entirely unmarketable. We have to be very particular indeed 
about handling coal. 

Mr. Dodge.-—I would say that in our catalogue we make the 
same statement ; a conveyor 400 feet long, driven from the head, 
will do perfect work. The object of my system is to get immense 
piles of coal without any obstructions in them, thus enabling the 
reloading conveyors to operate. 

Mr, Davis.—We do not use trestle-work. We rest the trough 
on the pile itself. It is self-supporting. We simply extend out 
two 40-foot sticks of timber, and by these two long sticks of tim- 
ber and the troughs themselves combined we can extend that out 
some 25 feet or so and run out coal, and it tumbles over the end 
and makes a support itself, and then we make another extension. 

The President.—I\ would say in connection with this that Mr. 
Dodge has laid here on the platform some specimens of the 
chain, and I want to call attention particularly to the very nice 
little “dodge ” for giving more surface of wear to a chain. 
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A RAILROAD BED FOR BRIDGE STRUCTURES. 


BY 0. C, WOOLSON, NEWARK, N. J 


(Member of the Society.) 


Incipent to the building of the elevated railroads in New York 
City, in 1878 and 1879, the author of this paper, who was then em- 
ployed as an inspecting engineer by the New York Elevated Rail- 
road Company, began the study of the different plans of super 
structure proposed, including the different designs of road-beds to 
be placed thereon. 

Of the many plans submitted, there were some embodying cer- 
tain requirements of the Rapid Transit Commission, while omitting 
others, but none which seemed to fill every requirement as specified 
by that commission. Section 57 of the specifications of this com- 
mission reads: 

“It is the intention and spirit of these specifications to provide 
in every respect tor a first-class structure, and no omission of spe- 
cific requirements to this effect, if any exist, shall in any case be 
construed in any way to invalidate this general requirement.” 

This section and others led the author to the conclusion that 
time and brains were not to be spared in providing such regulations 
for the building of the elevated railroads as would prove a monu- 
ment of skill and a testimony of prosperity which all should be 
proud of. 

It is not necessary to go into the many details of construction 
which taxed the skill of the engineer in meeting the require- 
ments of the Rapid Transit Commission, but several matters will be 
discussed in reference to the road-bed of the structure. 

Fig. 60 represents a cross section of the single-track road-bed 
then adopted by the New York Elevated Railroad, the ties being 
4” x 6” and spaced 12” in the clear. The outer guard rail was 6” x 11”, 
and the inner rail 6” x9". These rails were fastened down by }” 
through bolts driven from the top, the heads and washers being let 
into the timber a little below the surface, over which was rammed 
cement to make the hole water-tight. 
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The inner bolt was intended to take a clip on the under side to 
fasten the tie to the upper chord, thus serving a double purpose, 
while the bolt through the outer guard rail came through the tie 
only to take a nut and washer. 


Fic. 60 


These guard-rail bolts, being placed alternately in and out, gave 
opportunity to alternate with them %” lag screws both inside and 
outside the girder, and a clip to fasten down the tie only, and in 
many instances where it was inconvenient to place a clip, the chord 
was drilled to take the lag screw. 

In laying a section of this road-bed it must be assumed that it 
is all contract work, and the business is to be put through with 


dispatch. The ties are tirst distributed carelessly along the top of 


the girders ready for the first gang of men, who proceed to space 
off and mark them for truss fastenings. This has to be done with 
reference to guard-rail fastenings, which come in later on in the c 
erection, and is a continual source of annoyance and mistakes in 
calculations, and is not, therefore, straightforward work. Following 
comes the rail gang, whose leveler finds a varying thickness of ties, 
and he forthwith proceeds to adze the high ties down till his straight- 
edge (which by the way is only about twelve or fourteen feet long) 


shows an approximate level bed just in the line of the rail which ; 
his particular gang is to lay. One unfamiliar with this whole con- 


struction would be justified in assuming that an approximate level 
bed is all-sufficient, but later on it will be shown how great an 
error that assumption is, although this approximate level is all that 
will be obtained in this method of construction. Remembering 
that this leveling is contract work, and subject to all the ills in- 
cident to such work, and that it is performed at the very lowest ; 
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cheap-labor price, the leveler who is adzing for the rail gang 
only will not, therefore, strike in his adze at a point to accommo- 

date the guard-rail gang which follows him, but will leave them to 

cut and hack the top of the ties to suit themselves, which means 

that every tie which has to be leveled receives from four to eight 

oblique cuts on its upper face, which, in many instances, are more 

than simply clean cuts, but rather are disintegrating slits, part or 

wholly across the face of tie. 

Assuming now that the rails are spiked down and the guard-rail 
gang are prepared to fasten down the guards, the importance of an 
absolutely true level guard-rail bed is manifest. The outer guard- 
rail bolts go down through the guard and tie and have nut and 
washer underneath, but do not catch on to the truss, but are simply 
intended to fasten the guard down onto the cross-tie. We must as- 
sume the facts as to our approximate level bed for these guard rails, 
and that means that a variation of from ,,” to } is to be found 
everywhere. Therefore, when the guard rests upon two high ties, 
with an intermediate tie p below, the whole force of this interme- 
diate guard bolt is not to foree the guard down upon said tie, but 
to lift the intermediate tie up off the truss and up against the un- 
der face of the guard rail; and that is exactly what it does. I have 
many times examined the effect of a train of cars passing over 
such a suspended tie, and I am free to say it is anything but flatter- 
ing to engineering skill. 

The tendency to raise all low ties up off the truss is the same, 
whether there is much or little difference in depth between the low 
and high contiguous ties. So long as there is not actual contact 
between the upper face of the ties and the lower face of the guard 
rails, the guard bolts are going to exert themselves to tear the lag 
screw or tie bolt away from its fastening to the truss, and, in my 
opinion, the practice is unmechanical and inexcusable. 

During the latter part of my connection with the elevated rail- 
road in New York City, I designed a system of road-bed which 
should fill more completely the requirements of the Rapid Transit 
Commission and also furnish a road-bed as nearly analogous to a 
well-ballasted surface road as it was possible to make. 

Before proceeding to explain the system adopted, permit me to 
quote from one authority which encouraged me to proceed in my 
task. From this authority I received much encouragement by his 
kindly counsel. He was the first man I ever consulted concerning 

my theory, and the first man to whom I went with my drawings 
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and model, and I look back to his pleasant manner and hearty sym- 
pathy with my little problem as a sunny spot in my practical ex- 
perience. This friend was Alexander L. Holley. 

In Mr. Holley’s standard work, “ American and European Rail- 


way Practice,” he says: “ A great variety of materials are used as 


ballast on English railways. These are broken stone, burned clay, 
cinder, sand, shells, broken bricks and enlm or small coal. The 


preference turns between broken stone and vravel, ete.’” 


“The ballast has four distinct oftices to perform. It must, first 
of all, distribute the bearing of the track over the surface of 


the earthwork, * * * and lastly it must, by its character, 
give a certain elasticity to the road. * * * Very hard materi- 


als do not meet the last-named condition of an elastic absorbent. 
” 7 On one part of the Manchester and Leeds line, the bot- 


tom of a rock cutting was dressed to a surface and the rails spiked 


directly to it. A few weeks’ experience was sufficient to cause the 


rails to be taken up, to be relaid in the usual manner, 


“European engineers attach the greatest importance to the use 


of ballast, and the comparison of the cost of keeping up roads, 


both with and without ballast shows how important it is not only 


that it should be used at all, but in the best manner and of the best 
quality. 


Firmness without rigidity 18 the great quisite, The ly st 


railways in the world—those which do the most business at the 
least cost—are the best ballasted. f 


“If we desire to have a uniform elastic track, we may rest as- 
sured that we shall never derive the required quality from the 


road-bed, but only from a uniform elastic medium, interposed be- 
tween a perfectly rigid foundation and the rail. Therefore, pertect 
rigidity of foundation—or ‘ superstructure ’—is not only unobjec- 


tionable, but it is a positive condition of a smooth and permanent 
way.” 


These quotations are directly to the point at issue. My problem 
was to design a “uniform elastic track,’ which should be “ firm 
without rigidity,” and I willingly leave it to the judgment of this 
practical body whether I have not succeeded. 


Fig. 61 represents a cross-section of a single-track road-bed, in- 
cluding longitudinal girders and top of column. It will be no- 
ticed that instead of the tie being made of one stick it is made of 


two, one stick directly over the other and separated from it about 
one inch, and having no contact except at the middle and the ex- 
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treme ends; at these points a hard-wood block, cut from the same 


material as the tie, is put in and a bolt runs through the end ones, 


while the middle one has simply a dowel which binds the two sticks 
together and forms a compound tie. This bolting and doweling is 
all done before the ties are delivered to the superstructure. 

The members of this flexible tie were originally four by six 
inches, but the practice now approves four by eight inches or tive 
by seven inches, while the old style of tie, Fig. 60, is now six by 


Fia. 61. 


six inches and six by seven inches. The spacing may be the same 
as with the old tie, or it can be varied. This has no practical influ- 
ence within any probable variation. 

The guard rails (they act as beams in my system, and will there- 
fore be called beams), or rather guard beams, are the same size tim- 
bers as in Fig. 60, but their fastenings are altogether different. 

It will be observed that the bolt which goes down through 
guard beam does not go through the lower member of the tie, but 
is screwed into a plate nut within the slot or space between the 
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lower and upper member. The head of this bolt is within a thin 

cast-iron cup washer driven into the beam while covered with hot 
asphaltum. No cement is used, thus permitting the bolts to be al- 
ways accessible. 

The tie is fastened to the chord of the truss the same as in Fig. 
60, so far as the lag screws and clips are concerned, but it will be 
readily seen that this fastening to the truss has no relation to the 
guard beams, asin the case of Fig. 60, 

It is ms practice to put in tour five-eighth-inch bolts for the 
guard beams, for one of the specific requirements of the enard 
beam in any case is to knit the whole top of the superstructure to- 
gether in the most thorough manner possible. 

In laying a section of this flexible or compound tie, as with the 
old tie, it is contract work, and is to proceed right along without 
delay. First the ties are distributed carelessly along the top of the 
girders ready for the first gang, who proceed to space off, This 
gang, however, pay no attention whatever as to how the guard 
beam is to come on, but simply place their ties equidistant and so 
that the clips can come on at the bottom. Therefore ticre is no 
calculation necessary ; the man simply scribes for his clip, turns over 
and bores the hole, and the tie is ready to be fastened to its place, 
and is not to come up again, This can be ealled straightforward 
work. 

Following comes the rail gang, but there is no leveler necessary, 
and not an adze is to be used, and for this reason : Although there 
will be found unequal heights of ties before the guard beams are 
put in place, the moment these beams are bolted to the upper mem- 
ber of the tie it immediately brings the low ties up snug to the 
under side of the guard beam, and there is no getting away from 
it. The result is, that it gives as level a rail-bed as the guard beam 
is straight, which, in the combined result of four guards, is as level 
as a floor, and this result is obtained without cutting a gash in the 
sticks anywhere. 

One thing yet remains to be done, and that is, one blow must 
now be given each rail spike to see that every one is home, because 
some of the ties have been pulled up to the guard since rails were 
laid, 

To proceed now to analyze the working of the flexible road: 
In the first place, every bolt is under a proper strain and doing its 
work as designed. There are no ties suspended midway between 


guard beam and truss. The load of a passing train, instead of be- 
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ing received upon a solid stick and its weight transmitted directly 
to the superstructure at that immediate point, is received upon a 
yielding stick which springs down a little (about one-eighth inch), 
thus bringing a certain amount of its load to bear upon a contigu- 
ous tie, by reason of the flexing of the guard beam to which the 
first loaded tie is bolted or hung. This flexing continues over a 
large area of road-bed, thus distributing the load over the same 
area of superstructure, and it is not mecessary to argue the advan- 
tages of such distribution among engineers. 

Now, what is the effect of this flexible road-bed on the rolling 
stock? Referring back to the quotation from Holley, we must 
all agree, not from this authority alone, but from every example 
that we ever had in this country, that all testify to the necessity 
for a flexible road-bed. 


In September, 187, a quarter-mile section of this flexible track 
vas put upon the New York Elevated Railroad track, and I am 
pleased to say that not a bolt has given out, not a snike been re- 
driven, not a tie been replaced, whereas all of these have had to be 
done on all the lines both north and south of this section, and the 
rails laid on the flexible ties look as if they were good for twenty 
years to come. This is a most remarkable showing, but the testi- 
mony of the roadmaster is free to all to investigate. 

Fig. 62 shows a cross section of flexible road-bed with only one 
single heavy guard beam on a side, in which construction the guard 
bolt does not go through the upper member of the tie, but comes 
down each side of it and through a strap placed in the slot. 

Fig. 63 shows an adaptation of this flexible road-bed system to 
a trunk-line bridge. In this case the timber (used in the elevated 
railroad system as a guard beam) is much heavier and has no func- 
tion as a guard timber, but only as a distributor of the passing 
load. The action, however, of this system is precisely that of Figs, 
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In this ease the bolts which hang the timber to the 


60, 61 and 62. 
upper member of the tie go between the ties the same as in Fig. 
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62. The thin longitudinal stringer and strap which rests upon the 


tie just inside the rail performs two functions—that of a strap 
to hang the lower timber to, and that of a guard rail. The inclined 
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portion which rests upon the distributing timber is only a block 
placed there to fill the space between the said timber and a longi- 
tudinal iron strap which catches the lower face of the upper member of 
the tie, and altogether clamps said upper member when the long 
through bolt is screwed up. A free space is thus left between said 
distributing timber and the bottom side of the lower member, and 
it is readily understood that both members of the tie are free to 
spring vertically, but in no other direction. 

In closing I desire to make this statement: That with a flexible 
road-bed as here designed there would be a very large saving in 
maintenance of bridge structures, and also a higher rate of speed 
could be allowed with less injury to both bridge and rolling stock 
than with any system which I have yet seen, and the fullest criticism 
is solicited from practical engineers as to the proposed plan, 


DISCUSSION. 


Prof. J. E. Denton.—I had oceasion to ride over the stretch of 
elevated road which has this tie on it, and to verify the fact that 
there is a perceptible difference in the smoothness of the running 
on the road as you stand on the car. The roadmaster called my 
attention to it, and I found it was easily verified. It seems to me 
that the principle must be admitted by every one that if a track 
is slightly irregular, the train running along it is like a pro- 
jectile which has slight obstructions in its path, which must be 
depressed in order to allow it to move on, aud the elastic medium 
under the rail allows that yielding, and therefore reduces the wear 
on the rail and the disintegration of the tie. I understand Mr. 
Woolson to claim, in observing the result of his track on the ele- 
vated road, that the depreciation in the disintegration of his tie 
is less by a sensible amount. Ido not see why such should not 
be the case and a difference in wearing power be secured by the 
tie by avoiding shock. 

Mr. Woolson.—I have been asked a question or two with regard 
to the expense of this tie. Ido not believe it is any more than 
the Rapid Transit Commission intended should be put on the 
structure. The cross ties of a bridge structure of any kind are 
not simply to put the rails upon, but are manifestly for the pur- 
pose of tying or knitting, so to speak, the whole top of the struct- 
ure together. Therefore I claim -that with a tie of this kind, 
where we absolutely avoid having suspended ties either up against 


A RAILROAD BED FOR BRIDGE STRUCTURES, 285 


the guard beams or on the truss, the structure is knit together 


more securely, and so far as expense is concerned the figures 


which were made at the time as comparing what I considered 
the ne plus ultra for a road bed as compared with a road bed as 
it then existed, might mean about 50 per cent. more. But I know 
this—that in an effort to improve on this, the construction has 
been made more expensive. 
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CCLXXIX., 
THE INFLUENCE OF SUGAR UPON CEMENT. 


BY HARRY DE B. PARSONS, NEW YORK 


(Member of the Society.) 


Tris paper contains the results of some experiments made by 
the author, assisted by Henry Hobart Porter, Jr., E. M., to deter- 
mine the influence of sugar upon both natural and manufactured 
cements, 

The addition of saccharine matter to cements, for the purpose of 
obtaining increased strength, is not new 3 it was first brouglit to the 
notice of the author during the past year by articles and letters 
published in the scientitic periodicals. Mr, Guildford Molesworth, 
the well-known engineer, wrote from Simla (India), August 28, 
1886, to Mr. Samuel Crompton, as follows: “ With regard to your 
addition of sugar to mortar, it is a practice that has been in 
use in the Madras Presidency from time immemorial.” It has 
been ghe usual custom in that country to add a small quantity of the 
coarsest sugar—* goor” or “ jaghery,” as it is called—with the water 
used for gauging the mortar. There are also in some of the old 
English records statements where sugar and other substances were 
added to mortar for the purpose of imparting extra strength. (See 
Railroad and Enyines ring Journal, January, 1887.) 

These tests were made to conform to the system recommended 
by the Committee of the American Society of Civil Engineers 
(Transactions, November, 1885). The machine used was a * Riehle 
Brothers’ Standard Cement Tester,” the form of the mold and 
the shape of the jaws being those adopted by the above committee. 

The cement was passed through a No, 74 sieve, having 5,476 
meshes to the square inch; was thoroughly mixed with a hand- 
trowel, and placed in the molds without pressing or ramming: the 
greatest care being taken that the briquettes should be made un- 
der like conditions, in order that the tests might be relative one to 
another. The briquettes were exposed to the air for 24 hours and 
then placed in water, where they remained till broken by thie 
Riehle Tester. This water was syphoned off every third or fourth 
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day and replaced with fresh. A constant temperature was main- 
tained between 60 and 70 degrees Fahrenheit. 


The tests were divided into three classes—Series A, B. and C. 


SERIES 

In these tests the sugar was added in the form of refuse molasses 
from a sugar refinery. This refuse, as an: alyzed by W. D. Horne 
chemist, contained as follows: 

Cane sugar 


Vegetable and mineral impurities 18.50: 


100.00 4 


For each briquette a quantity of this molasses was taken to fur- 
nish the requisite percentage of sugar; then water was added til] 


the required amount of liquid for gauging the cement was obtained. 
F 


whe 


namely, 35 per cent. by weight. The cement used w as “ Dycker- 
hoff & Sochnes’ German Portland.’ These tests were somewhat 
imperfect, owing to the fact that the standard solution of molasses 
was found to alter in chemical composition and could not be kept 
constant. This action was so great as materi: illy to affect the 
strength of the briquettes, and thus a large numl 


ver of tests were 
discarded as bei ing unreliable. 


However, the series of tests which 


contained one per cent. of molas sses, gave results as recorded in 
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the accompanying table, the figures representing the tensile 


strength in pounds per square inch : 


i aa 1 2 1 2 4 2 3 4 
TIME oF TESTS. Day. Days Week. Weeks. Weeks. Months. Months. Months. 


70} 160 2983 136 446 456! 


With 1% molasses.... 20 27 44 1783 | 3534 


These tests are graphically represented in Fig. 64. 

Here it will be noticed that while the curve of neat cement rises 
steep and full, the curve representing the mixture of cement with 
one per cent. of molasses is considerably lower; rising, however, 
at the end of two months very noticeably and approaching the curve 
of neat cement, which the writer is led to believe, by his experi- 
ence, it would have crossed if the tests conld have been extended 
further. The figures given are the averages in each case of from 
four to six tests. The general appearance of the briquettes was 
good, although after a time most of them became covered with a 
slimy mold. 

SERIES B. 

In order to avoid the ill effects produced by the molasses, this 
series of tests was made with pure crystallized sugar. A known weight 
of sugar was dissolved in a measured quantity of water to form the 
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standard solution. The proper quantity of this solution was added 
to the water for working up the cement, as in the test where molasses 
was used. The manipulation of the briquettes, was in every way 
similar to that of “Series A.” The cement used was the same, 
namely, Dyckerhoff?s German Portland. No trouble whatsoever 
was experienced with the solution of sugar or with any mold on 
the briquettes. The amount of sugar used for each briquette is 
the stated percentage on the weight of cement therein. The re- 
sults may be tabulated as follows, the figures representing, as 
before, the tensile strength in pounds per square inch: 


1 2 1 4 2 4 


Time or Tests Day. Days. Week. Weeks., Weeks. Months. Months. Months 


160 298% 


ov 


This series of tests is graphically represented in Fj 65, 


SERIES C. 


This series of tests was made with F. O. Norton’s Rosendale 
(natural) cement, with the same standard solution of sugar as in 
“Series Bb.” The manipulation and treatment of the briquettes 
were the same as before, with the exception that 40 per cent. of 
water was used for gauging. 

The results obtained were as follows, and are graphically repre- 
sented in Fig. 66: 


3 


Dent 1 2 4 2 : 
iME OF TESTS Day Week Weeks Weeks. | Months. | Months. 


With { ¢ of sugar... 9 5223 565} 
“4g 4 41} 111 552 
2 34 5273571! | 
| 2 17 403 5723 
“9 2 334 5373 
62 1183 | 225 2554 
With | ¢ of sugar....... 15 25} 27 74 2433 2993 | 
4¢ 27} 99 238 3014 
“ode | 76 154) 264 
1 | 34 1813 
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From a comparison of the curves of strength, we are able to 
note very clearly the effects produced by the addition of sugar. 

With the molasses (Fig. 64) the cement was retarded in setting, 
and very much more so than when the same cement was used with 
the addition of pure sugar, as in Fig. 65. This was probably due 
to the great quantity of impurities which the molasses contained ; 


and perhaps, also, to some active chemical operations which may 


have taken place before the cement became thoroughly set. 
The same slow setting was also exhibited by the F. O. Norton 
cement, when large percentages of sugar were used (as for ex- 
Pas. 


1 month- 


ample say 3 and 4 per ceut.), the cement requiring at least 48 
hours before it became sutliciently hard to remove from the molds. 
In fact, some of the briquettes of the Norton cement, when mixed 
with only 2 per cent. of sugar, were so soft at the end of 28 days 
in water that they would not stand handling, but crumbled when 
touched. In cases where more than 2 per cent. of sugar was 
added to the Portland, and more than 1 per cent. to the Norton 
cement, both were rendered practically useless. The sugar did not 
seem to have any chemical effect upon the briquettes, for on ex- 
amining the surfaces of fractures, crystals of sugar were easily 
detected. These crystals varied in size, were sometimes single and 
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at others were clustered together; generally they were found in 
the air-holes throughout the briquette. Of course the sugar on 
the outside, or very near the surface of the briquettes, was dis- 
solved by the water in which they were placed. On the contrary, 
the sugar in the middle of the briquettes seemed to have collected 
in these small air-holes and formed its crystals as the vement set. 
The reason why the sugar should give increased strength to the 
cement appears to the writer to be more mechanical than chemi- 
cal. That is to say, the sugar by its presence in the briquette 
appears simply to retard the setting of the cement, and thereby 
permits the chemical changes in the cement to take place more 
perfectly. In order to insure the greatest accuracy, all tests were 
rejected whenever there was the least cause for suspicion ; thus 
there are recorded herein only about 70 per cent. of the tests 
made. 


DISCUSSION. 


Prof.-J. FE. Denton.—The fact shown by these experiments, I be- 
lieve, is, that the addition of sugar gives about the same tensile 
strength of cement as is obtained with cement and sand only. Mr. 
Parsons has gone through a very elaborate and careful series of 
experiments, which reflect a great deal of credit upon his ability in 
this respect ; but can he give an answer to this question: How far 
has sugar ever been used practically, and what kind of work 
would eall for the use of it? In practice, cement must be mixed 
very fast and by a very rude kind of labor. I cannot conceive what 
kind of work would pay for the trouble and care necessary to 
make the sugar addition as carefully as a chemist must weigh out 
his ingredients. I think the point is mainly to get the sugar out 
of the cement, not to put it in. 

Mr. L. G. Engel—I\ should like to ask Mr. Parsons, as he said 
he could not keep a standard solution of molasses, how long a 
time elapsed between the different experiments, so as to under- 
stand whether he managed to keep a standard solution of sugar. 
I raise this point because I recall an instance in which there was 
some trouble with gauges for sugar work, and the maker insisted 
that the gauges were right for testing purposes, and in order to 
prove his position he said he had used the same standard solu- 
tion for eight years. Of course the solution must have been 
changing in all that time, and yet he continued to standardize his 


gauges by the same solution. Now, if any great interval of time 
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elapsed between the different tests, it is possible that the stand- 
ardized solution of sugar may have altered in different experi- 
ments, 

Mr. Parsons.—The solution used was fresh. The amount of 
sugar and the quantity of water were carefully weighed on a 
chemical balance. The standardized solutions of sugar were 
watched carefully so that they did not alter in their composition. 

In reply to the other questions, I should like to state that the 
sugar gives from 15 to 20 per cent. increased efficiency, so to 
speak, and it is for that reason that we want to add sugar, instead 
of keeping it out. These are the first experiments ever made—or 
rather, ever published—upon the strength of cement with the addi- 
tion of sugar. Now, in so far as its utility is concerned, it is very 
much restricted; but possibly in work of this kind, it would be 
useful—for instance, in repairing some fancy stone-work or mold- 
ing, where the surface of the stone is quite large but the fractured 
part is very small—to use the cement for the purpose of reuniting 
the broken parts. This has actually been done upon the Peter- 
borough Cathedral in England. Then under heavy engines and 
machinery, where the area is small for the weight supported, and 
and it is desirable to use the strongest possible kind of cement. 
Then again in certain structures where the stones are subjected 
to very great tensile pull, such as is illustrated in the lower courses 


of light-houses, which are slapped by the waves, and then as the 


waves retreat from them, they tend to draw the stones out, mak- 
ing it necessary for the engineers designing such structures to 
dovetail these stones together. For bridge-work, and other large 
structures of that kind, the danger from using sugared cement is 
too great. It should only be used under certain peculiar condi- 
tions, where an expert or inspector can watch the amount and 
quantities put in. 
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AN INTERESTING INDICATOR DIAGRAM. 


BY CHAS. E 


EMERY, 


NEW YORK CITY, 


(Member of the Society.) 


DvninG a recent inspection designed to ascertain which of the 
older vessels of the U. S. Revenue Marine Service should be 
replaced, the writer, when steaming over historic waters covered 
by the guns of Sumter and Moultrie on the U.S. revenue steamer 
“ McCulloch,” noticed that the exhaust dragged, and observed 
that the steam chest was quite small for the size of cylinder. 
Instructions were given to test the piston and to make some 
slight modifications in the piping to enable indicator diagrams to 
be taken not only from the cylinder but from the steam chest and 
condenser. A sample diagram as taken by Asst. Eng’r E. G. 
Schwartz, U.S. R. M., is herewith presented. (Fig. 67.) 

This particular vessel was originally a large tug boat transferred 
from the navy after the war, built up to form quarters for a 
boarding revenue cutter, and afterward lengthened to increase 
the accommodations. The engine was of the vertical inverted 
type, with cylinder thirty inches in diameter and thirty inches 
stroke of piston. This size of cylinder had evidently been placed 
on a frame built for a smaller engine and the valve chest retained 
of the same size as was ordinarily used on the smaller cylinder. 
The cylinder ports were only fourteen and a half inches long and 
two inches wide. There was an independent cut-off on the back 
of the main valve operated by right and left hand screws, the 
main valve being operated, as is customary, by a link motion for 
reversing. The indicator was of the Richards pattern, old type. 

The speed of a marine engine may vary perceptibly from one 
revolution to another on account of slight movements of the ves- 
sel, so that it is rare to have the diagram of one stroke follow the 
previous one precisely. The double lines in the diagram herewith 
presented are due principally to this cause, although there are 
defects due to the indicator itself and the string connection, 
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which, however, are not of great importance in relation to the 
purpose in hand. With the light spring used, all defects are 
greatly magnified. The hull of the vessel was unsound, and the 
machinery was being run with such repairs only as were abso- 
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lutely necessary until a decision was reached as to the advisa- 
bility of general repairs ; hence the report was not surprising that on 
trial the piston was found leaky and the main valve somewhat so. 
These features, however, together with the conditions due to pro- 
portions of parts makes the evidence of such defects in the diagram 
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of special interest. The diagrams from the two ends of the eylin- 
der will be readily recognized and show no special features other 
than might be expected with comparatively contracted passages 
and a leaky piston. <A line has been drawn a distance corre 
sponding to 14.7 Ibs. below the atmospheric line to fix the posi 
tion of zero or full vacuum, and another corresponding to 25 Ibs. 
to show the boiler pressure as indicated by the gauge. The hori- 
zontal line above the absolute zero was drawn by the indicator 
when connected with the condenser, and shows the so-called 
“vacuum” in the latter to have been 11.3 lbs., corresponding to 
23 inches of mercury or 2 inches less than indicated by the 
vacuum gauge, which was probably incorrect. The vacuum in the 
cylinder is, however, much less than this, or at the lowest point of 
the diagram only 8.5 Ibs. The upper diagram shows the pressures 
in the steam chest at different parts of the double stroke. As will 
be observed, the pressure in the chest drops abruptly several 
pounds when steam is admitted to the cylinder, then falls still 
more, so that the line runs nearly parallel to the steam line of the 
diagram, which of itself shows a fall of pressure due to “ wire- 
drawing,” but near the point of cut-off the pressure in the chest 
rises rapidly, and at about three-quarter stroke runs for a little 
distance evidently higher than in the boiler, then falls lower than 
the boiler pressure near the end of stroke, and rises again above 
it slightly before the return steam stroke commences; the opera- 
tion being repeated on the return stroke. The pressure in the 
boiler must evidently be less than that due to the erests, and 
greater than that due to the hollows at the ends of the diagram, 
or less than 25 lbs. as indicated by steam gauge. 

It is interesting to study why the pressure in the chest apparently 
rises higherthan in the boiler. It does not seem possible that the 
indication can be due to any large extent to vibration of the indi- 
eator pencil. A number of diagrams taken at the same time all 

show the same features. It is believed that the phenomena are due 
to the vis viva of the steam in the steam pipe. This pipe is 5} 
inches in diameter inside, and 28 feet long, with six bends in it, 
counting the changes of direction in the stop valves. For nearly 
half the stroke the steam is moving through this pipe at a high 
velocity, and the motion must be kept up for a little time after the 
cut-off valve closes to restore the pressure, and this is done so 
quickly that an increase of pressure in the chest is required to 


check the velocity. This increased pressure causes a return cur 
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rent to the boiler of which the velocity is checked by the increased 
pressure there, and an actual fall of pressure in the chest, thus 
causing motion again in the direction of the chest where the press- 
ure isagain banked up just before the main valve opens at the be- 
ginning of the next stroke. 

Indicator diagrams taken by the writer from good marine en- 
gines generally show an initial pressure only two to tliree pounds 
less than that in the boiler. A vacuum of ten pounds in the 
cylinder may be considered the average, though eleven and often 
twelve pounds are obtained in good compound engines. 

A steam-chest diagram taken in a previous instance from a 
better class of engine did not prove of special interest, but as 
there are cases where such diagrams would be of great value, 
the writer suggests that in future the indication of an engine to 
ascertain its condition should not be considered complete without 
taking diagrams from the steam chest and exhaust pipe, in addi- 
tion to those from the cylinder. The exhaust diagram shows at 
once the amount of back pressure and the steam-chest diagram 
the available pressure from which the cylinder draws its supply. 
The steam-chest diagram may be particularly valuable to show 
how the loss of pressure from the boiler to the cylinder is distrib- 
uted, and to what extent modifications in the shape of the diagram 
are due to defects in the steam supply. 

The blank used on the back of the diagram in the United States 

tevenue Marine Service is also presented on the opposite page. 

The writer found that engineers, in filling up the revolutions on 
blank, generally counted for a minute, and frequently, therefore, 
included one revolution too many by not allowing for the begin- 
ning of the next minute. To obviate this, provision is made on 
the printed blank for recording the reading of the counter at a 


particular minute before placing the blank on the drum, and 


another line is provided for recording the reading of counter again 
after diagram is completed, when the average, if the engine be 
allowed to run for several minutes, eliminates the error referred 
to and gives much more accurate general results than ordinarily 
obtained. The remainder of the blank will be understood witl- 
out explanation. 
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DISCUSSION. 


Mr. C. T. Porter.—This is an ordinary diagram from a cylin- 
der. The steam pressure is 25 pounds, which is nowadays far 
from “interesting.” The initial pressure obtained in the cylinder 
is less than this by 3} pounds at one end, and 6} pounds at the 
other end, the latter loss being more than one-fourth of the whole 
pressure above the atmosphere. 

The cut-off is so gradual that the point of eut-otf cannot be 
found. The vacuum is remarkable for its badness. That main- 
tained in the condenser is 11} pounds; in the cylinder the aver- 
age vacuum is about 8 pounds, 

This ought to be an unusual diagram. Unfortunately, it is, 
especially in marine engines built for the government, a very com- 
mon one. 

The point of interest is the diagram from the steam chest. 
This ought to be taken from all engines. Such has been my 
own practice for twenty-five years. Examples of these diagrams 
from steam chests of high-speed engines are given in my treat- 
ise on the development and application of force in the steam 
engine. 

These diagrams are very instructive. They reveal at once 
what proportion of loss or fall of pressure is due to insufficient 
pipe area, and what to insufficient port area and valve travel. 

This important use of the indicator is well illustrated in this 
diagram. At the commencement of each stroke, we observe a 
fall of pressure in the chest. A further fall is seen as the piston 
advances, changing gradually to a rise as the port is slowly con- 
tracted. This mounts to the boiler pressure after the current in 
the pipe has been finally arrested. 

We have then one reaction or pulsation of the elastic steam, 
and a rise again to the boiler pressure before the stroke is quite 
completed. These pulsations of the steam are gentle and lazy, 
owing to the gradual manner in which its momentum is arrested 
by the cut-off motion. 

These diagrams vary endlessly, according to the length and 
size of the steam pipe, and the slowness or suddenness of the 
admission and cut-off, and the dryness or wetness of the steam. 

After a sharp cut-off in a high-speed engine with a long steam 
pipe, I have seen the pressure rise in the chest to five pounds 
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above the boiler pressure, and four or five pulsations succeed one 


another before the stroke was completed. 

I hope this paper will render this most interesting and instrue- 
tive use of the indicator much more general than it has been. 

Mr. Emery.—lit is gratifying to have Mr. Porter confirm thie 
statement that the pressure in the steam chest may rise above 
that in the boiler. It is so stated in the paper from considera 
tion of the diagram, though not so shown by gauge, which, how- 
ever, Was probably in error after long use, 

It was considered interesting to find the numerous defects in the 
condition of the engine so, well shown on an indicator diagram 
from the cylinder when supplemented by one from the steam 
chest. 
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CCLXXXTI. 
AN IMPROVED FORM OF SHAFT GOVERNOR. 


BY FRANK H. BALL, ERIE, PA. 


(Member of the Society.) 


In the development of steam-engine governors, from the earliest 
forms employed by the first designers down to the latest produe- 
tion of modern engineers, it is noticeable that almost without an 
exception centrifugal force has been employed in every success- 
ful design. 

The only apparent success, without centrifugal force, has been 
in the direction of fluid governors, but even with these it has 
been ‘found that the variations in the condition of the fluid used 
produce a corresponding departure from the desired speed, and 
the comparatively greater power required to drive the fluid gov- 
ernors is also a factor in the unfavorable verdict which practical 
use has established. 

Although the mechanical constructions of centrifugal governers 
present an infinite variety of designs, vet certain fundamental ele- 
ments appear in every case. In every governor will be found a 
weight or weights made to revolve around an axis, and having a 
latitude of motion to and from the axis, which motion is made 
to control the steam supply. It will always be found, also, that 
the centrifugal force developed by these weights is opposed by 
gravity, or springs, acting as a centripetal force. 

The action of the governor is therefore the result of a balancing 
of these forces. 

Fig. 68 illustrates a very large class of governors in which the 
gravity of centrifugal weights is made to oppose their centrifugal 
force. 


Springs are sometimes used in this construction to produce ad- 
ditional centripetal force. 


Fig. 69 shows another type of governor, such as is commonly 
used on the main shaft of engines. In this form the gravity of 
one weight neutralizes the other, and springs are depended on 
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entirely for centripetal force. In all these illustrations the weights 
are shown in their initial position, or the position nearest the axis, 
and the outer position is indicated by dotted lines. 


ia. 68. 


In the operation of a centrifugal governor, any intermediate 
position taken by the weights must be one where the opposing 
forces are exactly in equilibrium. 

As the weights move outward from their axis the centrifugal 


/ 
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force increases directly as the distance from the axis is in- 
creased. 

The opposing or centripetal foree may also be made to increase 
in exactly the same ratio or scale. If so arranged, then, when the 
speed is such that the forces are in equilibrium in one position 
of the weights, they will also be exactly balanced in every position 
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from one extreme to the other, and an engine having a governor 
so adjusted might be expected to show the same rate of speed 
under every condition of load. 

Unfortunately, however, a difficulty arises in the nature of in- 
stability ; for if adjusted as deseribed, then whenever in any po- 
sition of the weights the equilibrium between the opposing forces 
is disturbed by a change of speed, and the weights are thereby 
caused to move in the direction of the greater force, the same 
lack of equilibrium will exist when the weights have reached the 
extreme limit of motion in that direction; and when the weaker 
force shall have become the stronger, by reason of the rapid change 
of speed that must follow, then the weights will move immediately 
to their extreme limit in the opposite direction, repeating this 
process constantly, and producing an effect that is called “ racing ” 
or “hunting.” 

To prevent this, and to enable the governor to take all the in- 
termediate positions with stability, it is necessary to arrange the 
centripetal force so that it will increase or decrease more rapidly 
than the centrifugal force when the weights move from one posi- 
tion to another. 

If so arranged, then a slight movement of the weights in the 
direction of the greater force will bring them to a position of 
equilibrium, and a still farther change of speed will be required 
to move them to the next position. 

This condition of stability is therefore obtained at a sacrifice 
of uniformity of speed, and the greater the variation of speed be- 
tween the extreme positions of the governor, the greater the 
stability which will be obtained. 

Every designer of centrifugal governors has had to face this 
problem and decide just how near an approach to perfect har- 
mony between the opposing forces would be safe, knowing that 
if he approach too near he must pay the penalty of instability, 
which is a fatal error. 

The question as to how near this theoretically perfect condition 
it is safe to adjust a governor depends somewhat on certain con- 
ditions. 

Light balance wheels, extreme changes of load, and friction in 
governing mechanism are all elements which prevent a near ap- 
proach to the condition of adjustment that should produce uni. 
form speed. 


The inertia of the centrifugal weights is also an obstacle to fine 
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adjustments, as it first prevents quick response and then over- 
reaches the mark. 

For this reason high rotative speeds are desirable, as the nec- 
essary centrifugal foree may be obtained from small weights ha¥- 
ing little inertia. 

A perfect governor should be free from unnecessary friction, 
and have as little weight to the moving parts as possible. 

Its function is essentially to weigh quickly and accurately two 
opp sing forces, just as a steam engine indicator weighs the force 
of steam opposed to the spring, and yet there are those who load 
a governor down with weights other than centrifugal weights 
merely to produce centripetal force, When a suitable spring would 
produce the desired force without the incumbrance of weight and 
consequent Inertia, 

Recognizing the necessity of sacrificing theoretically correct 
regulation, or isochronism as it is technically called, for the sake 
of stability with centrifugal governors, numerous attempts have 
been made to obtain a better result by other means. 

The fluid governors were found to come under the same gen- 
eral law as centrifugal governors, so far as the necessity of 
sacrificing isochronism for stability is concerned, and in addi- 
tion to this, other defects appeared which have already been 
mentioned, 

Several attempts have been made, in this country and Europe, 
running back through a period of over thirty years, to construct 
au governor without centrifugal weights which should produce 
uniform speed by a weighing of the load. It is safe to say that 
not one of these was ever a success, for the obvious reason, if for 
no other, that they contained no provision whatever for governing 
against changing boiler pressure. 

In 1878 the writer conceived the idea of constructing a centrifu- 
gal governor on the shaft of an engine having all the functions of 
the best forms of centrifugal governors for governing against 
changing boiler pressure, and also so arranged that the driving 
pulley, instead of being keyed to the shaft, is driven by the gover- 
nor in such a manner that the load is made to act as centripetal 
force. 

With this arrangement the governor may be adjusted for ample 
stability, and the effort of the load adjusted exactly to correct the 
change of speed that otherwise would take place. 

Vig. 70 illustrates the arrangement for weighing the load. 


304 AN IMPROVED FORM OF SHAFT GOVERNOR. 


The curved arm A is keyed to the shaft and the belt wheel is 
driven from the connection at the end of this arm. 

The effort of the engine is thus made to act as centripetal force, 
and by a suitable adjustment of this force the governor weights 
are brought into the required position at every stage of load to 
compel the engine to maintain a constant speed. 

This combination proved to be successful for giving exact regu- 
lation against changes of load. 


With changes of boiler pressure, however, this governor acts only 
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as a centrifugal governor, and as such it is incapable of preventing 
slight changes of speed under change of boiler pressure. 

Where intermittent disturbances occur, a great improvement is 
often derived from the use of a dash-pot or oil cylinder having a 
piston with a small aperture for the fluid to pass from one side to 
the other, and attached to the moving part of the governor in a 
manner to prevent sudden motion. 

Rankine describes the use of a dash-pot in his book entitled 
Machinery and Mill Work, published in 1859, in Section 364. 

Most of the builders of Corliss engines have found it desirable 
to make use of a dash-pot in their governors, owing to the inertia 
of the large slowly revolving weights, and also to the intermittent 
disturbances of the releasing valve-gear. 
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Among the shaft governors, or shifting eccentric governors 
according to the classification in the Patent Office, the Buckeye 
Engine Company, of Salem, O., seem to have been the first to 
apply dash-pots. 

They found that with large engines, where, owing to the slow 
rotative speed, the forces of the governors were weak in compari- 
son with the intermittent disturbing elements to be overeome, 
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that a dash-pot would materially improve the action of the gov- 
ernor. 


In 1878 they made use of dash-pots in one of their governors 
on an engine at the Syracuse Iron Works, of Syracuse, N. Y. 

A more uniform action of the eccentric was thereby obtained, 
and from this experience the same difficulty in other engines was 
remedied in a similar manner. 

In 1879 they put similar dash-pots on an engine at the works of 
the White, Potter & Paige Manufacturing Company, of Brooklyn, 
N. Y., for the same purpose, and in 1880 applied the same remedy 
to a pair of engines at “ Dows’ Stores,” Brooklyn, N. Y., following 
it up in 1881 on engines at the Hartford Carpet Company, and at 
20 
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the Pacific Mills, Lawrence, Mass., and many others which have 
not come under the writer’s notice. 

Fig. 71, taken from a working drawing of a Buckeye governor 
with a dash-pot, shows the method of its application. 

It is here attached to the arm which carries the centrifugal 
weight, and through its connection with the eccentric is made to 
steady the action of the eccentric. 

Profiting by the experience of the Buckeye Co. and others, A. 
L. Ide, of Springfield, Ill., designed a shaft governor in 1882 hav- 
ing a dash-pot for preventing irregular motion of the eccentric. 


Fia. 


Fig. 72 shows the construction of the Ide governor, and the 
manner of attaching the dash-pot, which is so identical with the 
Buckeye arrangement as to need no special description. 

The only novelty in this governor is the peculiar arrangement 
at B, where the end of the spring is attached to a sliding block, 
operated by a screw, the direction of motion being such that by 
this single operation a double effect is produced—that of shorten- 
ing the arm or lever by which the weight is controlled, and at the 
same time increasing the initial tension of the spring. 

In centrifugal governors where the forces are weak and easily 
disturbed, this dash-pot permits a finer adjustment, and therefore 
makes the governor more nearly isochronous; but it also makes 
the action sluggish, and it is questionable whether without the 
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dash-pot the governor cannot be made fully as near isochronous 
by increasing the forces of the governor. If so the dash-pot is 
the less desirable remedy and amounts to a positive damage. 

A dash-pot governor of any of the kinds described, adjusted to 
be strictly isochronous, must depend entirely on the resistance of 
the fluid for stability, and this resistance must become an import- 
ant factor in the governor. Consequently the sluggish action must 
be exaggerated or increased, thereby producing disastrous results. 
When a governor is thus arranged and adjusted, if in the operation 
of the engine it becomes necessary for the governor to move from 
one position to another, it cannot do so quickly, but must drag 
along tardily, during which time the engine is getting badly off its 
speed. 

Therefore the former instability in the nature of rapid and ex- 
treme fluctuations of speed is changed by the dash-pot to more 
moderate fluctuations, each of which covers a longer interval of 
time. 

Dash-pot governors such as have been described do not appear 
to be capable of giving satisfactory results under a finer adjust- 
ment than is employed with strong centrifugal governors without 
dash-pots. At least such would be a fair inference from the fact 
that the great mass of governors are still made without dash-pots 
after more than a quarter of a century of experience with their use. 

During the past year the writer has discovered a new application 
of a dash-pot to centrifugal governors, which seems to be entirely 
free from the difficulty formerly encountered. 

The principles involved may be understood by reference to Fig. 
73. The governor here shown is one of the ordinary forms of 
shifting eccentric governors. 

The introduction of the spring S between the dash-pot and the 
movable part of the governor is the new feature. 
and effect are as follows: 

Suppose the long spring D be drawn up until its initial ten- 
sion, in distance of stretch, shall correspond exactly with the dis- 
tance between the center of gravity of the weight and the axis of 
revolution. This is what is called “ full theoretic tension.”’ 

The condition is the same as would be obtained if the weights 
were first placed at the center of the shaft, and after attaching the 
spring without any tension the weight was then moved out to the 
position shown. 


Its operation 


With this relation between the position of the weight and the 
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tension of the spring, the increase and decrease of centrifugal force 
eaused by moving the weight to or from the axis of revolution 
would exactly harmonize with the chauges of resistance of the 
spring due to said motion; and if the two forces were in equilib- 
rium in one position, they would be so in every position at the 
same speed. This condition, as has already been said, should be 
expected to give uniform speed of the engine at every position of 
the governor, but has been found impracticable on account of its 
instability. 

The object of the dash-pot and spring here shown is to allow 
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the theoretically perfect adjustment of the long spring, and to 
furnish ample stability without making the governor sluggish, 
or in the least preventing a quick and delicate balancing of the 
forces. 

This spring 8 is arranged for both compression and exten- 
sion, and has a range of deflection sufticient to allow the full mo 
tion of the governor, from one extreme to the other, without regard 
to the motion of the piston of the dash-pot to which it is attached 

The resistance of this spring S, having no initial tension, is 
entirely out of harmony with the other spring, and combined with 
them produces exactly the effect when motion takes place that is 
obtained ordinarily in centrifugal governors, by using springs with 
less than the full theoretic tension, and if the dash-pot piston should 
remain stationary, the same change of speed would be found be- 
tween the extreme positions of the governor, but by reason of the 
movement of this piston, the tension on spring § is released, 
and it then ceases to be a factor in the speed, which is only the 
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result of the long spring, and as has been previously shown it must 
be the same at every position of the weight. 

This theory, though somewhat obscure, seems to be correct, and 
its practical operation under careful tests proves it to be so, 

Governors are now made of various types, embe nly ing this prin- 
ciple, and have been found to compel the same number of revolu- 
tions per minute of the engine under any condition of load or 
boiler-pressure within the full capacity of the engine. 


DISCUSSION, 


Prof. J. B. Webh.— Both the ideas mentioned in the paper struck 
me as admirable and ingenious. The idea of putting the tly-wheel 
separate from the shaft and connecting it by springs is certainly a 
beautiful one, and the combination of dash-pot and spring allows 
the governor to stand in any position, and therefore with any cut- 
off, for a given speed of the engine, which is a thing not obtain- 
able in an ordinary centrifugal governor, but can theoretically be 
obtained in a fluid governor, 

Mr. J. T. Hawkins.—As a slight contribution to this subject, ] 
might mention a fluid governor which I saw in operation upon a 
beam engine running the works of the Messrs. Hoe & Co. as long 
ago as 1852 or 1853, if my memory serves rightly. It was a con- 
densing engine of about five feet stroke, making about 60 turns per 
minute, and was fitted with the Sickles cut-off, cutting off, proba- 
bly, at from } to 4 stroke. The governor operated through the 
cut-off, and, as I remember, it was perfectly isochronous in_ its 
operation. It consisted of a evlindrical chamber, open at the top, 
partially filled with oil, Within this cylinder were two small, 
single-acting pumps, connected at their lower ends. One of these 
pumps was operated by the engine, making some fifteen or twenty 
strokes to one revolution of the engine, This pamp took oil from 
the chamber at the bottom, at one side, throngh a valve opening 
inward, and delivered it to the second pump at the bottom, on the 
opposite side, through a valve opening outward. <A pipe led from 
this first pump toa valve opening inward at the bottom of the 
second pump; and at the opposite side of the bottom of the second 
pump was a simple orifice, without valve, for the discharge of the 
vil back into the chamber. The plunger stem of the second pump 
was made so as to receive weights which might be varied in 


amount; and on the same stem were secured tappets which oper- 
ated upon the two sides of a lever connected suitably with the eut- 
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off mechanism, the space between the tappets being such as to 
permit of the plunger rising and falling without striking the cut-off 
lever when the engine ran at normal speed. As the oil could flow 
only at a given rate through the fixed orifice in the second pump 
under the load or weight placed upon the plunger stem, any slight 
increase in the speed of the engine would cause the oil to be 
pumped into the space below the plunger of the second pump 
faster than it could escape through the fixed orifice, which would 


cause this plunger to make its vertical excursions between higher 


points until the engine arrived again at its normal speed, after 
which it would continue to work between these higher points, cor- 
responding to a shorter admission of steam by the cut-off; and for 
a slight slowing of the engine the converse would take place. The 
speed at which the engine should run was, of course, determined 
by the weight applied to the plunger of the second pump. 

In this governor, while it required a variation in the speed of 
the engine to effect a change, the speed must be restored to the 
normal as svon as the admission of steam became just equal to the 
performance of the work demanded by the change of load upon 
the engine; and, being positively operated by an inelastic fluid, 
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it was not in the least affected by the resistance offered by the 
tripping mechanism of the cut-off. 

Prof. Webb.—Mr. Lyne has just mentioned an idea, but he is 
too modest to bring it up. He remarked that that was a sort of a 
cataract, so that in the original engines we had that fluid governor. 

Mr. Geo. I. Rabcock.—There are two very nice things in this gov- 
ernor. One is the idea of a spring being adjusted in such a way 
that the increase of resistance of the spring is exactly equal to the 
increase of the centrifugal force of the weight... I presume that Mr. 
Ball is familiar with the fact that some thirty odd years ago Mr. Sil- 
ber built a marine governor of that kind (Fig. 98).* He used a hori- 
zontal shaft, on which he pivoted one or two arms with a ball at each 


end, These were connected by arod toa collar, against which he put 


a spring adjusted exactly like Mr. 
sall’s. This spring was of such a 
length that at every position of the 


balls it was extended or compressed, 
as the case might be, just in propor- 
tion to the distance of the balls from 
the center; that is, if the center of the 
balls could have been made to coin- 
cide with the center of the shaft, the 
spring would have been normal. The 
centrifugal force, therefore, exactly 


counterbalanced the spring at a given 
speed at all positions of the balls. He Fie. 100. 

found the difficulty which Mr. Ball 

found—that is, that his governor was all up and all down. It 
worked very well, however, on a marine engine, because that is 


* Copied from the Scientific American, July 19, 1856. 


! 
Fig. 99 
4 y 0) 
(a Vine 
\ N 
+ ( / ) 
aD 
w 


312 AN IMPROVED FORM OF SHAFT GOVERNOR. 


Fie. 101, 


just what you want with a marine governor. But Mr. Ball’s addi- 
tion of a dash-pot with an interposed spring is a stroke of a genius. 
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sy it he retains the isochronism with the necessary slowness of 
motion. 

Now, it is well known to all that a governor ball which rises 
in a parabolic curve will be isochronous. It is also easy to find 
‘a point, like «, lig. 99, for instance, which will be practically a 
center for so much of the curve as you wish to use. A governor 
made thus with crossing arms will be isochronous, the centrifugal 
force being resisted only by the weight of the balls. I have used 
a governor of that construction considerably. I have also used a 
governor in which the balls were hung so as tO move In a plane 
vertical to the shaft (Fig. 100.) The levers upon which the balls 
were hung produced a straight line motion. Thus the weight of 
the balls formed no part of the resistance to the centrifugal force. 
Then, by a proper attachment of a counter-weight (W) or spring, I 
could get any action I wanted, making the resistance bear any 
relation to the centrifugal force which was desired. By combin- 
ing the two I produced a governor which could be adjusted to any 
speed, and at the same time be practically isochronous (Fig. 101.) 

Prof. Denton. Why have these perfect devices not been re- 
tained in use? We never see them. 

Mr. Babcock.—W ell, | built hundreds of them and they worked 
very well, and many of them are in use to-day; but I found it 
necessary, In every instance, to throw them out of isochronism sufti- 
ciently to avoid racing. In the case of Fig. 99 it is done by plac- 
ing the center so that the balls would travel a little out of the true 
curve, In the case of Fig. 100, it was done by the arrangement ot 
the weights upon the bent lever. 

Prof. J. bk. Denton.—After the compliment paid to Mr. Ball’s 
device by President Babcock, nothing that could be said by any 
one of less experience ean be added to this line of thought. But 
what the president has stated regarding his practice with isochro- 
nous governors suggests the following inguiry: 

If the perfect or isochronous governor must be deliberately de- 
prived of its power to act in complete accordance with an abso- 
lutely isochronous law, cannot the ordinary centrifugal governor be 
adjusted so as to approximate to the same degree of perfection to 
which the isochronous forms must descend in order to avoid the 
“hunting” action, which is explained in the paper ? 

The production of thoroughly satisfactory incandescent electric 
light atfords the severest test of the degree of perfect action of 
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steam-engine governors, and, under the stimulus of the demand of 
the electric lighting business, governors have received their highest 
practical development. As a result, it appears that engines with 
plain centrifugal spring governors will run unloaded within a frac- 
tion of one per cent. of their speed at full load. 

I believe that the attainment of this result is not dependent 
upon any peculiar arrangement of the governor, but upon the nicety 
with which the governor is adjusted. I have in mind a 25 H.P. 
Buckeye engine, which, by repute, was not possessed of the “ par- 
ticular kind” of centrifugal governor capable of satisfactorily con- 
trolling speed for incandescent light work, 

The engine was designed and in use for supplying power to ma- 
chine tools, and no particular demand had been made for close reg- 
ulation of its speed. Consequently, when, upon an important 
occasion, the engine was applied to run 200 incandescent lights, 
the variation of speed occurring when the load was changed was 
fully 15 per cent., and the opinions regarding the lack of fitness 
of the governor for incandescent lighting were apparently con- 
firmed, 

But, upon sending to the makers of the engine for an expert 
mechanic who understood “nursing” the governor into the best 
state of sensitiveness, the engine was made to run at 284 revolu- 
tions with 27 H.P., and 2863 revolutions when unloaded, and the 
variation of speed during the change from one of these speeds to 
the other was as satisfactory as any demand of practice seems to 
require, 

I have noted similar experience to the above with several of the 
best high-speed engines in the market, and I have reason to believe 
that the same view applies to the possibilities with the centrifugal 
gravity governor in large power plants of 500 H.P. and upward, 
notwithstanding that many engines of this class have, apparently, 
to call to the aid of their centrifugal governor various devices, such 
as dash-pots, half-smoons of mercury, rolling weights, ete. 

I do not wish to be understood, from this expression of views, as 
looking upon Mr, Ball’s invention as a useless device. He is in 
the engine business, where alone a complete knowledge of the re- 
quirements in a governor can be obtained, and his paper shows him 
to have been a critical student of the principles upon which the 
action of governors depends. 

My object is to attempt to define wherein the value of the im- 
provement must lie, so that we may have Mr. Ball’s confirmation 
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or criticism upon such definition, which is that the invention pro- 
vides a possible means of 

Ist. Securing the same degree of perfection as the best centrifu- 
gal spring governors attain, but with less skillful adjustment than 
such governors require, and with less liability to loss of sensitive- 
ness with continued service. 

2d. Securing a more perfect action of existing centrifugal gov- 
ernors whose original proportions or design requires the applica- 
tion of a supplementary device (such as instanced above) to secure 
good regulation. 

Mr. Ball can, I believe, cite practical applications of his device 
which «afford positive testimony bearing upon these two con- 
clusions. 

Mr. Walter C. Nerr.—The question brought up by Mr. Denton 
is in the line of what I intended to say. IIe asks whiy ordinary 
governors cannot be made to give the regulation desired, and why 
these various supposed perfect forms do not give the regulation 
which they onght. 

I think the principal reason has scarcely been mentioned in this 
discussion. It is friction. About one-half of all bad regulation 
is due to governor friction. Every one in the engine business 
knows that weights, springs, and lever arms can be so proportioned 
that when the governor is in a proper state of lubrication, it regu 
lates in a thoroughly satisfactory manner, and the same governor 
when not properly oiled gives poor regulation ; also that no chang- 
ing of leverages, springs, etc., or the addition of extra parts, will 
bring a poorly lubricated governor into condition for satisfactory 
regulation. 

Some forms of governors have their friction greatly diminished 
by excellent constructive features, and others by superior Inbrica- 
tion. I do not know what governor Prof. Thurston referred to in 
his paper, as | was not present, but it is probably Prof. Sweet's, 
as he made some experiments with the Straight Line engine. I 
happen to know something of the action of this governor, having 
worked on it in its earliest days, when friction was excessive, and 
when various plans were experimented with to improve it. They 
all failed, but when the friction was taken out of it by the ex- 
cellent construction now used, it needed no dash-pots, supple- 
mental springs, or other contrivances. 

The most important question to ask in connection with gover- 
nors is, What kind of regulation do we want? And the answer is: 
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First, a reasonably small variation in speed, whether the engine is 
light or loaded, said variation being measured in revolutions per 
minute, This variation can be made small or large, at the discre- 
tion of the manufacturer, and one or two per cent. variation is con- 
sidered sufticiently close on engines used for ordinary manufacto- 
ries. Second, a very small acceleration for an instant following a 
change of load, and where the most delicate regulation is required, 
this instantaneous acceleration is of much greater consequence than 
the difference in revolutions between light and loaded conditions. 

In work requiring very ‘delicate regulation, the injury is done 
during the period of this acceleration, and the period is the time 
between the change of load and the starting of the governor to 
move, and is proportional to the friction. It is therefore plainly 
evident that devices which are added to the governor, which act 
only after the governor has started to move, cannot in any way 
affect the acceleration of the engine during the period above men- 
tioned. We therefore cannot look to auxiliary devices as a means 
of preventing the most serious consequences of bad regulation, and 
while they may be ingenious and mathematically correct, their 
operation is too late to obviate the difficulties which they are de- 
signed to remove, 

Further than this, the addition of various devices usually in- 
creases the friction, and thereby may become even harmful where 
very close regulation is desired. Under such circumstances it is 
quite possible for a governor regulating within 2¢ to have its regu- 
lation reduced to 1¢, when the regulation is measured in revolu- 
tions per minute, and at the same time the acceleration of said 
governor is found to be many per cent. greater than before the 
auxiliary devices were applied; and in such delicate adjustment of 
speed as is necessary for incandescent lighting, it is possible to 
thus produce a very injurious action on the lamps. 

I believe that if more attention was paid to exactly what good 
regulation consists of, there would be less attention paid to devising 
appliances whose operation must be subsequent to the starting of 
the governor, and more attention paid to relieving the governor 
of the resistances which tend to prevent its starting from rest. 

Mr, Hugo Bilgram.—\t seems to me that one very important 
point has not yet been considered, namely, that the steam engine 
works intermittently. Especially in automatic cut-off engines there 
are periods within which the governor has absolutely no control 
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during each half-revolution, namely, at the moment when the 
steam is cut off, and it is inoperative until the steam is cut off at 
the following stroke. Neither a rising or a falling of the governor 
can, in the intervening time, affect the speed. Let us suppose that 
a certain position of the governor corresponds with a development 

f 100-horse power, and imagine that just lmimediately after entting 
- 40-horse power were thrown off the load, the engine developing 
power at the rate of 100-horse power during the half-stroke follow- 
ing, the speed of the engine will accelerate, say for an illustration, 
by 10 revolutions. If now the governor were constructed so that by 
this increase of speed the cut-off will be set to a point correspond- 
ing with less than 60-horse power, the regulation will be greater 
than necessary, and a reversal of the regulation must follow, result- 
ing in a rising and falling of the governor. But if the governor 
has been adjusted so that the increase of speed during one stroke 
due to the said change of load would just bring the cut-off toa 
point where 60-horse power will be developed, the resulting ad- 
justment will be completed. I have always held that the fly-wheel 
is a part of the governor, and that both should be adjusted one to 
the other. Otherwise the governor may be either too sensitive or 
not sensitive enough. The change in the momentum of the fly- 
wheel should, as near as practicable, equal the change of work 
developed during one stroke. 

The idea of using a dash-pot and spring in connection with an 
isochronous governor occurred to me some six years ago, the spring 
giving the necessary stability, the dash-pot permitting a slow re- 
lease of the strain of this spring. 

At that time I recognized a disadvantage of such, as compared 
with stable governors, in permitting a greater variation of speed 
if a given load is suddenly removed and then added again. 
Supposing a speed of 100 revolutions to be raised to 110 by the 
removal of a portion of the load, the isochronous governor will 
slowly reduce the speed again to 100. And when the original 
load is restored, a slowing down to 90 turns will result, which 
time will again be corrected by the action of the dash-pot. Thus 
the variation will be between 90 and 110, when it would only have 
changed from 100 to 110 and then back again to 100 with a regular 
St: governor, 

. Lewis F. Lyne. —My ne ‘ighbor, e rofessor Webb, has paid a 
. ‘high compliment to my modesty, and he seems determined 
that I shallsay something. Perhaps I can throw a little light on the 
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governor question by stating that I know some of the reasons why 
the so-called first-class governors have failed. The Huntoon I 
know to have failed on account of the lack of proper attention. — It 
is a delicate mechanism. If you do not use the proper kind of oil 
in it—that is oil free from gum—it will not work satisfactorily. We 
have in our place a Buckeye engine, 18” by 36°. The governor on 
that engine was condemned by our engineer ; he could not do any- 
thing with it; he could not make the engine run steadily atall. I 
took it in hand and examined the governor and found three-quar- 
ters of an inch more tension on one spring than on the other. 
There was also half an inch more leverage on one of the arms than 
on the other. I released the strain on the springs, then took a pair 
of dividers and adjusted the levers exactly alike. I then put an 
equal tension on the springs, and by adjusting a proper relation 
between the leverage and the tension on the springs I got a prac- 
tically steady regulation—so near so that we have had no trouble 
at all. We throw on 35 or 40 horse power at a time, or throw it 
off, and we do not see any difference in the speed of the engine to 
interfere with our lights. Electric lighting, of course, requires 
close regulation. Governors that have given entire satisfaction in 
the hands of men who understood them, if put into the hands of men 
who do not understand them—engineers who have given the sub- 
ject no consideration—will fail every time. I think I can say, in 
answer to Prof. Denton’s question, that the chief cause of the fail- 
ure of much of the good apparatus that has been produced has been 
due to the lack of a proper understanding of their mechanism, or a 
lack of proper care. 

Mr. E. F. C. Davis.—I think I can answer an inquiry of Prof. 
Denton’s, to some extent, by saying that it had not been nearly so 
difficult to pick up a good governor to answer every practical pur- 
pose while new as it had been to tind a governor that wouid keep 
up that class of work for any length of time. The want of dura- 
bility is a thing that has thrown a good many good governors out 
of the market. Without regard to the matter of care, which all 
governors ought to have of course, a good many governors wear 
out fast ; so 1 think Prof. Sweet’s step is in the right direction, the 
eliminating of the friction, which is necessarily the destructive 
element in governors, and I think that his governor has a very long 
life before it for that very reason. 

Mr. J. T. Hawkins.—Referring to remarks of Mr. Bilgram, the 
features which he mentions would perhaps have been of some 
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moment in some of the old long-stroke, slow-piston-speed engines 
such as we used to build; but I think it becomes of no practical 
consideration in the engines of the present day, with their high 
speed of piston, short stroke, and consequently vastly greater 
number of revolutions made in a given time. It is a common 
thing nowadays for a stationary engine to make anywhere from 
300 to 500 revolutions per minute, or from 600 to 1,000 strokes of 
the piston; and in such a case it would seem that the time during 
which the governor has no control over the engine is so extremely 
small that no possible engine, with any tly-wheel at all, could fail 
to be perfectly governed for that reason. In the compound or 
triple-expansion engine, or, indeed, in a two-cylinder single-expan- 
sion engine coupled to the same shaft, in either of which the 
admission occurs in the different cylinders at different periods of 
the shaft’s revolution, it would be of still less account. 

If we instance a modern single-cylinder engine operating an 
electric-light plant—than which perhaps there is nothing that calls 
for closer governing—we have in many such cases engines running 
at over 300 revolutions per minute. In such an engine, cutting 
off at, say, } stroke, the governor loses control during } of gh, of 
a minute, equal to ,%, of a second. In such a case, I think, consider- 
ing the inertia of the fly-wheel usually adapted to such an engine, 
the loss of control during the expansive action of the steam is 
entirely too infinitesimal to be worth a moment’s consideration. 
In fact, in such an engine as I described as having the fluid isoch- 
ronous governor, making about 60 revolutions per minute and 
cutting off at about } stroke, control by the governor would be lost 
during only about $ of a second, a period entirely to short within 
which to affect a heavy 18 or 20 foot fly-wheel such as this engine had. 

Mr. J. B. Ladd.—Mr. President, I have been looking at the 
sketch on the board of what I think you mentioned as the first 
isochronous spring governor (Fig. 98). I think you gave the 
credit of the invention to Mr. Silber. I have in mind that Mr. 
Charles T. Porter constructed the first spring governor which is 
truly isochronous. Mr. Porter’s governor consisted of two balls 
connected by links to a spiral spring as outlined in this sketch, and 
the spring was so proportioned and adjusted by giving to it an 
initial compression, that in resisting the radial motion of the balls, 
it balanced their ceutrifugal force for all positions. 

This governor was designed by Mr. Porter for marine work, 
and I think that it is the first isochronous spring governor made. 
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The President.—-Do you think that was before Mr. Silber’s? 

Mr. Ladd.—l think so, yes. 

To return to the point last discussed, I would like to say that my 
experience has been exactly the same as that related by Mr. Kerr, 
that the friction is the most deadly enemy of all the governors; 
and further, to call attention to the fact that friction is detrimental. 
not simply because it is friction, but because it is a variable quan- 
tity. 

Mr. Geo. H. Babcoch.*—In regard to the question which has 
arisen as to the originator of the idea of giving a spring which is 
employed to resist the centrifugal force of the governor balls such 
an initial tension that its subsequent increase of resistance shal] be 
in a ratio equal, or nearly equal, to the ratio of the increase of cen- 
trifugal force, it is no more than fair to all parties to say that in 
Mr. Porter’s patent, granted June 18, 1861, he distinctly claims this 
invention, which is prima-facze evidence that he was the original 
inventor. That Mr. Silber had the idea, or even understood the 
principle involved, I have no direct evidence, but that the apparatus 
shown (Fig. 98), and which was published several years before 
Mr. Porter claims to have made the invention, is capable of being 
used in that way is certain, as is admitted by Mr. Porter. More- 
over, the description accompanying the said illustration says: “ The 
tension of spring // is increased or diminished at pleasure by turn- 
ing knob -/, which moves the claw collar A’ out or in, thus rendering 
governor more or less sensif7ve as desired.’ This would seem to 
indicate, but it does not prove, that Mr. Silber understood the 
principle involved, otherwise he would have been likely to say it 
would increase or diminish the speed. The following letter from 
Mr. Porter may give further light upon the subject. I should be 
sorry to discredit without good reason his priority in this matter, 
and I make free to state, knowing personally all the parties, that 
the fine mathematical reasoning involved is most in accord with 
Mr. Porter's mode of thinking : 


SCHENECTADY, N. Y., January 9, 1888. 
My DEAR Mr. Bascock : 
I fancy you gave Silber credit for something he never thought of, namely, an 
isochronous centrifugal governor, We must put ourselves back to the year 1855. 
- A high-speed governor had not then been made ; strong counteracting forces, en- 
abling a governor to develop power to operate a valve on a minute change of 
velocity, were unknown, The influence of friction on a governor, and the means 
of avoiding it, had not been thought of. 


* Added since the meeting. 
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The governor shown in Scientific American, it is evident from the spring repre- 
sented, was a feeble one, revolving at the ordinary slow speed. A variation of 
from 10 per cent. to 15 per cert. in the speed of the engine was undoubtedly re 
quired to cause the governor to move through its range of action. On less than 
this it would not operate the large throttle valve without escillation. As then 
commonly constructed, governors required this amount of variation, and often 
more than this. That amount of variation would not be observed at all on those 
paddle-wheel engines. 

The adjustment applied to the spring euabled the sensibility of the governor 
to be increased, but this could only have been done in a slight degree. Too much 
sensibility meant loss of stability and oseillation. When we talk about sensi- 
bility of governors nowadays, we mean something nobody at that time dreamed 
of. The fact that Silber very soon abandoned that form of governor shows that 
he had no idea of its possibilities, which high speed iras afterward to reveal. 

On full reflection, I think my claim to have first stated the principle of 
isochronism in governors in which a spring is emy loved to resi-t centrifugal 
force, and to have first constructed governors on this principle, in which strong 
counteracting forces are employed, and so a close approach to isochronism is 
made practicable and actually realized, is well founded, 

Very truly yours, 


T. PORTER. 


Mr. W. 2. Warner.—I was in an engine shop some few years 
ago, und they made a statement to me of a fact which I at once 
stated | thought to be impossible. They showed me an engine 
which had been sold to a saw-mill, and it was governed to run with 
maximum load 194 turns a minute. They made the statement to 
me that with the entire load thrown off, it would run 192 revolu- 
tions per minute, just the opposite of what I supposed an engine 
would do when the power was taken off, and to prove it to me, we 
took a watch, a counter, and counted it correctly. The speed was 
194 revolutions with the full load on. When the entire load was 
thrown off, as he stated, it was 192. Now, I would like to ask 
Mr. Ball if his system of governing is so correct that he can over- 
correct it—so to speak—and make his engine run slower without 
any load, and if so, then is it easy to find the mean position, and 
make it exactly the same with full load or no load, 

Mr. Ball.—t lesitated a little about presenting this paper, be- 
cause I felt it was a little in the nature of advertisi: 


one’s goods 
and wares; but inasmuch as the society has shown some interest in 
the matter, [ am very glad to answer the gentlemen who have 
spoken, 

The Huntoon governor has been mentioned as being an isochro- 
nous governor. Those which I have seen have the chain which 
olds the weight wound on a scroll. The fact of its being wound 
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on a scroll makes an increasing resistance as the governor changes 
its position, requiring necessarily a change of speed to move the 
governor on to another position, so that the governor is made to 
produce just the same effect as is ordinarily produced in centrifugal 
governors. 

In answering Prof. Denton’s question as to why these isochro- 
nous governors are not used, | would say that it has been my ob- 
servation that while governors are sometimes adjusted to be very 
nearly isochronous, the danger of instability is so great that it has 
been ordinarily impracticable to use them. I have heard of 
governors that have been over-adjusted, as Mr. Warner speaks of, 
so that the engine would run faster when it had its load on; but 
with a governor of that kind it would be almost impossible for the 
weights to take any intermediate position. The only way that I can 
imagine the centrifugal weights of an isochronous governor (without 
any dash-pot and spring, such as I have described,) to be stopped in 
an intermediate position, would be if the weights move so slowly 
that the speed of the engine should change before they reach an 
extreme position, and therefore stop, then, in an intermediate po- 
sition, Otherwise if there was an excess of centrifugal force in one 
position, the same excess must exist when the weights reach their 
extreme position, because the two forces are exactly in harmony. 

I want to say one word about the friction of the governor, of 
which Mr. Kerr has spoken. There is no doubt, whatever, that 
friction is, generally, an enemy to all governors. The question of 
friction. however, has not very much to do with the use of this dashi- 
pot and spring. Of course a governor without friction would be 
expected to give finer and better results than one with friction, al- 
though there are cases where the friction of the governor is over- 
come by the resistance of the valve. The effort of the valve to 
move the governor from one position to another, often overcomes 
the friction ; so, if there is the slightest tendency to move, that 
movement takes place. As a rule, however, friction is a serious 
obstacle to close governing. But after we have eliminated all the 
friction possible, and obtained the finest possible adjustment, then 
the question arises, Is it possible to have the governor do any bet- 
ter? and in saying it is good enough for all. practical purposes, I 
am reminded of a civil engineer named Lovejoy, who used to live 
in Buffalo. In some of his work he was rather careless, and when 
spoken to on the subject, always said that it was near enough for all 
practical purposes. I remember seeing his picture, and underneath 
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the name was inscribed, * The engineer who surveys near enough 
for all practical purposes.” 

Engineering is a pretty exact science, and, as mechanical engi- 
neers, L think we ought to be careful about saying anything is 
“good enough for all practical purposes” unless it is pretty near 
right, and unless a better result can only be obtained by objection- 
able complication and expense, 

Mr. Kerr criticises the dash-pot and spring because it does not 
anticipate the movement of the weights. He implies, also, that 
the device might inake the governor more tardy to act. This is 
not the case, because the interposition of the spring allows absolute 
freedom of the weights to begin motion in either direction. 

Let us suppose it possible to adjust the ordinary governor safely 
to a 2% variation. of speed. Then, if the main springs are adjusted 
so as to make the governor isochronous, the dash-pot spring should 
offer just sufficient resistance to make a 2¢ variation of speed if 
the dash-pot piston remained immovable, and the governor would 
then act in all respects like the 2% governor without dash-pot. If, 
however, the piston moves through the fluid just to that extent, it 
Wipes out the 2% variation, without any danger of instability. 
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CCLXXXIT. 


TOPICAL DISCUSSIONS AND INTERCHANGE OF 
DATA. 


(XVIitH MEETING). 


No. 282.—50 and 51. 


Have you used driven wells successfully ; of what sizes and depths, and 
singly, or in groups ” 

What is the best form of pump to use with driven wells, where the lift is ten 
to twenty feet and air is likely to get into the suction? Should the pump be 
single or duplex, and with piston or plunger ? 

Mr. J. G. Briggs.—This method of obtaining a supply seems 
to be coming into general notice. In my opinion its success 
depends entirely upon the loeality. This section of country 
(Terre Haute, Ind.,) for miles has a splendid bed of water-bearing 
gravel underlying it at a depth from the surface of from twenty- 
five to forty feet, about on a level with the bed of the Wabash 
river. It appears to me that the point in Query 51 in regard to 
“ air getting into suction pipes” is not necessary to be discussed. 
There is no reason why air should get into the suction pipe, if th 
wells are properly driven and connected. At our pumping station 
we can draw over 2,500 gallons per minute from 10 eight-inch 
wells 24 feet deep. The pumps stand idle for weeks at a time, and 
we have no trouble with air. 
They are for convenience 
driven in what was formerly 
the bed of the river, twelve 
feet apart, and are connected 
together and to the pumps 
by a twelve-inch cast-iron pipe 
and a tee of my own design 
(Fig. 91). The wells are put 
down to the required depth, 


the tees screwed on, and are 
connected by ordinary water pipe, with a sleeve joint. The 
cap on top can be taken off for examination and for sand pump- 
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ing, if necessary. I adopted this plan, as the expense for large 
sizes is much less, and of course they are more durable than 
wrought pipe. Although so close to the river, we only get shore 
water, cool, clear, bright, and—hard, very hard. We commenced 
using them a year ago during a heated term. Every one at first 
was delighted. The papers complimented us on our unusual 
thoughtfulness and liberality. It was nice to draw a glass of cool 
water from a faucet, after, of course, letting a bucketful ryn. But 
after the first Sunday the steam users began to growl. Then 
private families. It was hard to bathe in, and burned out the 
water-back in the stove. The barbers could not make a good 
lather, and, finally, the barkeepers, who had been its warmest 
advocates, began to find fault. They had te put soda in to wash 
their glasses, The citizens never appreciated the beauty of 
straight Wabash water before. We only use the wells now in case 
of an emergency, or when the river is very muddy. A mile below, 
the distillery obtained nearly one million gallons from 3 eight-inch 
wells sunk on the same level. The Ellsworth paper mill, five 
miles from here, obtains half as much more from 6 eight-inch 
wells. The mill is situated about 300 yards from Otter Creek (a 
small river), which ceased running in July, for the first time in 
years, leaving large, deep pools of water, the favorite resort of 
blackbass, which, to the great disgust of the loeal fishermen, are 
now no more. For when the mill started in September the water 
was entirely drawn from the pools by means of the driven wells. 
Without any rain since, the product of the wells is constantly 
increasing, opening new channels, and drawing the water from a 
long distance, as is shown by the wells going dry in the vicinity. 
This demonstrates the danger of using water from wells in any 
large town or city. 

In regard to the kind of pump best adapted to this work, ] 
cannot see that the mode of supply cuts any figure, with one 
exception. It takes a long time, sometimes years, to get the fine 
sand all out. This sand cuts a piston pump very badly. For that 
reason | prefer, on a new well, to use a plunger pump. On three 
different sets of wells, under my observation, there are used a 
Dayton duplex pump, a Clapp & Jones water-packed, and a 
Hooker-Colville inside-packed plunger, all having the same rela- 
tive efficiency as if draughting from an open well. All driven 
wells should have a large vacuum chamber between the wells and 
the pump, and a vacuum gauge on top, by which the speed should 
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be regulated. It is as necessary as a steam gauge to a boiler, 
unless there is a very large margin of supply. You cannot look 
into your wells, or sound them by any other method. It is very 
severe on suction valves when the lift is too high by this method. 
I would not allow over 24 inches under any circumstances, and 
would, if practicable, put in more wells if the gauge shows over 
20 inches. Steam pump manufacturers are not partial to using 
their pumps on this mode of supply as a general rule, for many 2 
first-class pump has come to grief by trying to draw more water 
than there was in the wells. I read an article lately showing a 
disposition of wells in such a manner that the pump would draw 
equally from each, which is a good idea, for when they are in a 
line the draught is hardest on the first ones. For this section, or 
where there is a good supply of underground water, I prefer 6-inch 
or 8-inch wells. To any person contemplating using 8-inch wells, 
I would be pleased to give the use of my tee patterns if desired. 

Mr. C. J. He. Woodbury.—The question of the lift of pumps 
asked in the second interrogatory is merely what would be sim 
ilarly asked in the case of any pump having a lift of ten or twenty 
feet, except that in the ease of the driven wells the frictional 
head is increased by the small diameter of pipe generally used for 
such purposes, and also by the interstitial friction of the water 
pussing through the earth to the bottom of these wells. A short 
time ago 1 made simultaneous experiments with three pumps of 
different types, all of the same manufacture, all new, with the same 
steam pressure and the same distance above the water, to determine 
which of the three forms was the best for a certain draught. The 
steam cylinders were fourteen inches in diameter, the water cyl- 
inders seven inches, and the stroke twelve inches. They were all 
made by the Knowles Steam Pump Company, at Warren, Mass. 
The single acting pump readily drew its supply of water from the 
source, which was fourteen feet below the center of the pump. 
The duplex piston pump drew its supply with some difficulty, and 
the outside plunger pump would not draught until it was arti- 
ficially primed. In other matters than that, I have always found 
that a single acting pump can draught water more successfully 
than any other type. 

On the first interrogatory, I would say that I have had some ex- 
perience with driven and tubular wells, and have found that the 
draught in connection with such wells is usually excessive, and 
can best be managed by a single acting pump. At Brooklyn, the 
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Knowles pumps at the Clear Stream Station, draw about thirty 
feet by the gauge. 

From the Deane Steam Pump Co., | learn the following re- 
specting the draughts of some of their pumps, which T give as ex- 


amples of what draughts a single acting pump may use: 


DRAUGHT PIP! 
Louisville & Nashville R. R. Co...............20 feet 

Canada Cotton Mie. Co... ... B00 feet. 
Brayton Engine Co, (2° pipe)...... 908 * 


At Lynn there are twenty-eight wells from twenty-five to sixty- 
five feet in depth, on which the draught to the Knowles pump by 
gauge amounts to twenty-seven feet, at times when the draught 
is only about twenty feet by measurement. As in the case cited 
in the discussion just presented, the water has fallen in those wells 
since they were first used, and the supply diminished, showing 
that the natural water supply had been taxed. In September, 
LS80, the supply furnished by these wells per day was 700,000 gal- 
lons. In the winter of 1881 it had been reduced to 450,000 gal- 
lons, and in 1883 to 300,000 callons, and dug wells had been ex- 
hausted at varying distances from the tubular wells according to 
the direction of the sources of water supply. In one instance a 
well was at a distance of 4,000 feet. Some of the difficulties from 
the driven wells have been the contamination by surface water ; 
another difficulty has been from the grit getting into the pumps, 
which is not removed even by the sand chamber, and also by the 
sand packing around the perforations at the bottom of the tubes, 
forming a compact mass impermeable to water, and furthermore 
the quality of the water is sometimes injured by a fungoid growth. 

Prof. F. R. Hutton.—I might state that one of the members of 
the society was in its office a week or so ago, and was speaking 
about the driven-well practice in Cuba. He said that it would 
be a great help in the sugar-house work done in Cuba if it could 
be made possible to run driven wells through clay formations ; 
that wherever they can strike gravel, the difficulty is a very simple 
one; but it becomes practically insurmountable when they come 
into the clay which underlies a great deal of the sugar plantation 
areas of Cuba, and that he would be very glad if any of the mem- 
bers of the society could make such suggestions in the discussion 
of this inquiry as would lead to helping him out of the difficulty 


328 TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA. 


from the bending of even the best and heaviest pipes in attempt- 
ing to drive them through close clay. 

Mr. Wood bury.—There are two classes of difficulties arising from 
the use of tubular wells in clay, the one being that the water is 
forced up into the pump by the atmospheric pressure in a tubular 
well in accordance with the same physical laws as in any other 
well, and if it strikes an underground souree of water in such a 
manner that the force of the atmosphere cannot be applied upon 
it when the pump is operated, the result will not be satisfactory. 
That has been obviated by sinking other wells in the vicinity to 
obtain the pressure of the air upon the source of water supply. For 
. borings in clay a very convenient and easy method is by the water 
drill, which consists of a tube roughly closed at the end by a 
hammering, so that the water, as ejected from it, will form a sheet. 
A larger guide pipe is tirst driven a foot or so in the earth and this 
other pipe pressed into it, and connected with some source of 
water under pressure usually furnished by a pump through a 
cross pipe at the top connected by iu . id and the inner pipe is 
slowly worked back and forth, the water passing down through 
that against the clay or silt, or any fine material, which is disin- 
tegrated, comes out in the annular space between the two pipes, 
and in this manner wells are bored any reasonable distance up to 
150 feet. That is what is sometimes known as the Robinson 
process of sinking wells. 

Mr. Jas. Me Lride.—I1 would state that about six years ago I 
had occasion to put down a driven well, and got an ample supply 
of water from it. I think it was a two or a two-and-a-half-ineh 
tube, and this supply lasted for a long time. Afterward we ex- 
cavated for about one hundred feet around the well, taking off 
we left 
the pipe standing where it was put down. This cellar floor was 


six or seven feet of earth for the cellar of a new building; 
covered with six inches of concrete, and over this an inch and a 
half of asphalt. Afterward when we attempted to get water from 
the well we failed to get any. I could not account for it, so I re- 
versed the action of the pump and forced the water back into 
the earth, thinking thus to clear out the pipe. The result was, that 
the water was forced up around the column foundations in the 
cellar. We have been unable to get any supply of water trom it 
since. I think that this covering of the cellar floor would go to 
show that a supply of air had been cut off from the surface of 
the water. 
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Mr. W. M. Barr.—In regard to sinking wells through clay, I 
have had occasion quite recently to sink a well in Philadelphia, in 
which we found it impossible to drive a large pipe through a 
tough clay, but we succe eded in getting through iL bed some four- 
teen or fifteen feet thick by using the ordinary drill such as is 
used for drilling rock, proceeding through the clay in precisely 
the same way that we did through the soft rock underneath. 

Mr. Oherlin Smith.—1 would like to ask some of the members 
who know about drive-wells whether they are ever screwed in 
after the manner of a “ serew-pile”—or like a corkscrew (if any 
of the members know what that is)—instead of being driven right 
down. It seems to me that this might perhaps be done—even in 
clay. 

Mr. Geo. H. Babcock.—There is a driven well in the city of 
Plainfield, N.:J., worthy of note. Nearly all the water in that 
city is obtained by driven wells. The conditions are v a) favor- 
able. The soil is mainly cravel and sand, and quite porous to 
surface water. Below 15 to 20 feet it is saturated with water 
down to the bed rock, from 60 to 100 feet, this saturated portion 
being alternate layers of sand and gravel. ‘This water has a con- 
stant flow to the south or southeast. The well I speak of is 
driven right through the bottom of a c sspool, and the water is 
pure and good! It belongs to the mayor of the city, and was an 
experiment to prove that surface water does not affect the we lls. 
The cesspool, which is built of loose stone with sravel bottom, 
has been in use seven years. Five years ago this well was driven 
twenty-eight feet deep through the bottom, the cess-pool being 
pumped out for that purpose. The water has been used in the 
kitchen part of the time, but mostly for watering the grounds. 
Several times, and as late as last summer, it has been analyzed 
and absolutely no contamination is found from the proximity of 
the cess-pool, and no filtration down beside the pipe. 


No. 282.—52. 


Are roller bushings expedient in journals at low velocities and under high 
pressures ? 


Mr. W. R. Warner.—I thought it might be of interest to you 
to learn of a problem that the firm with which I am connected 
have tried to solve in the past year. It was in connection with 


‘ 


330 TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA. 


the work on the Lick telescope. The tube weighed four and a 
half tons. It was fifty-six feet long. As you know, in such con- 
structions, the tube must be supported from one side, that is, it 
cannot be held on trunnions, but it must be supported near the 
center and from one side. It is necessary for this tube to work 
very easily. In fact, the friction, as far as possible, must be re- 
moved, as the tube must move very smoothly in following the 
star at which the observer is looking. It seemed almost impos- 


sible to make it move easily enough in the ordinary way by 


using friction rolls. So instead of that we used the method of 
surrounding the axis close to the tube with a series of rolls two 
and a half inches in diameter and three inches long, with a result 
which seemed very satisfactory. This tube, weighing four and a 
half tons, when balanced on these rolls, would turn by a press- 
ure of four pounds at the end—one finger would move it very 
easily ; so that the problem was as completely solved as could be 
asked. 

Another effort to solve a similar problem in a different posi- 
tion where the rollers hardly would do—for it was the end-thrust 
on a heavy weight—was accomplished by using hardened steel 
balls running in cireular coneave tracks which is the same 
principle used in bicycle wheels. In this problem, simply to 
test its working, we placed a weight of two and a half tons on 
forty one-inch balls in the two cireular tracks, and this two and 
a half tons was turned by a pressure of one pound at a radius of 
three feet. That hardly could be criticised, and we tind that 
about a satisfactory proportion, and we could depend on it every 
time. Almost all of the friction in these cases was reduced to 
rolling friction instead of sliding friction. 

I give the society the benefit of these two experiments, as they 
seem to be a little out of the common line of experience. The 
4} tons was moved by 4 pounds, the 2} tons by 1 pound. 

Mr. O. C. Woolson.—I would like to ask if these balls were in a 
certain annular space, or whether they were separated and kept 
separate, and what the diameter was / 

Mr. Warner.—The diameter of these balls was one inch. They 
followed the ring in which they were running, the diameter being 
aninch. The groove in which they ran was } plus ,\, inch 
radius, so that it was practically a plane surface, bearing only on 
the top and lower edge, and the balls worked together so that the 
whole ring, when they were pressed together, left only ,', of an 
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inch between the last two balls. In the case of the rolls, they 
were not together, but had their axis run on little steel balls ,4) of 
an inch in diameter, so the 2} inch rolls were held in a live ring 
so that their surfaces did not touch each other. There was no 
lubricant ; everything ran dry. The best result was with the 
balls. I would state, however, in reference to the amount of 
weight allowed, that greater weight could be put on the rolls. 
We found it safe to put on the balls something less than a thou- 
sand pounds to each ball, while on a roll having its bearing sm 
face its full length—3 inches, of course—we could put a much 
larger weight. 


No. 282.— 
What is the best material for lining brake-straps on elevators, cranes, ete. ? 


Mr. Leavitt, Jr.—We find basswood or poplar very 
good. We have tried at the Calumet and Hecla mines various 
materials, and invariably the harder woods have failed to give 
good satisfaction. I should suppose that the same law would 
obtain in regard to this question. In fact we have run small 
brake-straps, and the softer woods, as | said, have given the best 
results. 

Mr. A. H. Raynal.—I should like to ask Mr. Leavitt if he has 
ever tried fibrous vuleanite ? 

Mr. Leavitt.—Yes, sir, we have. At the time we were having 
a great deal of trouble with the wood on our brake-straps some 
vulcanized fiber was sent us for trial, and it proved to be worse 
than anything we ever tried. It was a good deal like the case of 
a friend of mine who wanted to send us a stamp shoe. We 
usually wear out a stamp shoe weighing 8)0 pounds in about 
six days. This gentleman thought he could send us one that 
would last six months. We told him he might do it at his 
own expense. He did so, and his stamp shoe lasted thirty 
hours. 

Mr. FE. F.C. Davis.—I would like to ask Mr. Leavitt whether 
he finds it better to line his brake-straps at all; that is, whether 
it is better to have the wood material on the drum, or have the 
strap lined with wood, running over a turned surface of cast-iron 
on the drum ? 


4 
i 


TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA. 


Mr. Leavitt—We do not put the wood on the brake straps, but 
on the drum itself, on account of the greater convenience in 
changing. ‘The straps are 8 inches wide. Our wood lining is 4 
inches thick, and at the end of a month we have worn it down 
sutliciently to necessitate its removal. Another thing which in- 
creases the wear, probably, is that we have to use water. Con- 
stautly running down from 3,000 to 4,000 feet, the brake-straps 
would get so hot as to set the wood afire if water were not used. 
No doubt that adds very largely to the wear. We do not use the 
wood on end. It is more convenient for us to saw out the soft 
wood to correct shape with the grain, and I do not know that we 
have ever tried using the wood on end to any large extent. We 
have made up our minds, after long experience, that we must 
change at certain small intervals, and consequently use the plan 
which is easiest. 

Mr. J. HW. Cooper.—1 lave used white ash and maple with good 
results, such that I had no reason to experiment for better ma- 
terial ; end grain was put to the rubbing surface wherever practi- 
cable. Ihave not tried softer woods for comparison, but followed 
the practice of the old millwrights, who according to my knowing 
always use the harder and denser woods where pressure and wear 
are to be resisted. lor example : best hickory for inserted cogs, 
maple, apple, birch and beech for slides and slip-ways, and lig- 
num-vite for heaviest friction pressure. 

From the article on “ Frictional Gearing,” by E. 8. Wicklin, in 
“Use of Belting,’ I take the following: “For driving light 
machinery running at high speed, basswood has been found to 
possess good qualities, having considerable durability and being 
unsurpassed in the smoothness and softness of its movement. 

Cottonwood has been tried, but is more affected by atmos- 
pheric changes. And even white pine makes a driving surface 
which is, considering the softness of the wood, of astonishing 
efficiency and durability. But for all heavy work, where from 
20 to 60 H.P. is transmitted by a single contact, soft maple has, 
at present, no rival. 

Driving pulleys of this wood, if correctly proportioned and well 
built, will run for years with no perceptible wear.” 

We must distinguish, however, between the cases where the sur- 
faces engage and where the slipping is complete. 
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No. 282 —54. 


What is the best way to secure tight fit of set-screws tavped into heavy parts 
of a machine ? 


Mr. J. H. Cooper. If this means the fit of the set-screw in the 
tapped hole, and if it don’t fit tight enough, the remedy is, make 
a better fit. But if it means that the screw a 
becomes loose by reason of the strains and amis 
workings upon it, then hold it fast by ajam- 
nut, as is done with other bolts. But set-screws / 
frequently become inoperative from causes 

foreign to themselves; a loose fit of a collar or 


pulley hub may defeat the holding of a set-screw. a 
To remedy this cut the metal uWily in the bore el 
opposite the screw for about 60° as shown in Fig. 92 


Fig. 92. This will give the hub two lines of bearing instead of 
one and prevent the twisting action which contributes much 
toward the loosening of the set-screw. 

Mr. H.R. Towne.—I apprehend that the question would cover 
this point—that the variations in machine screws, as we get them 
from the makers, are considerable; the variations in holes tapped 
are also considerable, depending on the wear of the tap, and it is 
the sum of these errors which makes loose fits in set screws. It 
is often a question how best to obtain a very snug, tight-fitting 
screw on machinery running at high speed, which shall not work 
loose. In ny OWL experience I have had oceasion to deal with 
this question, and I find there is no w ay—atl least I have not found 
any practical way—better than this (I wish I might)—to have the 
screws made a little above gauge and put them through a sizing 
die after purchasing them; and even then, on work where it is 
important to have the screws absolutely tight, to use only quite 
new taps and serews which had been gauged to size in this way. 
The working loose of a set-serew, on a piece of machinery 
running at high speed, is a very serious matter, and it is one of 
those little matters of shop practice which sometimes deter- 
mine whether or not a machine is satisfactory in use. I wish 
some member present who has had larger experience in this mat- 
ter could suggest some good way of securing uniformity in such 
screws. 


Mr. L. F. Lyne—I have been troubled a great deal with 
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dynamo machines in having the set-serews work loose, and the 
way I managed to keep them tight is to get my set-screws first. 
I run the taper taps in so as to make a tight fit on at least three 
or four threads. Since doing that I have not been troubled by 
their getting loose. 

Mr. Hugo Bilgram.—There are eases in which the method just 
suggested may be objectionable. I have had some experience 
lately in tapping a large number of holes in cast iron, into which 
brass screws had to be fitted very closely. They had to fit gas- 
tight, and yet turn freely. I found it impossible to keep the taps 
to size. The only way to meet the emergency was to fit each 
screw separately. Of course this can be done systematically by 
keeping the pieces in the order in which they were tapped, to be 
assured that none of those sueceeding were ever larger than the 
preceding ones of the series. The serews having been made of 
slightly varying sizes, they could then readily be selected to suit 
the tapped holes. 

Mr. L. G. Engel.—1 think the place in which the most trouble 
occurs with set-screws is usually in pulleys. Nearly all the makers 
of pulleys persist in putting only two set-screws in the hub, and it 
seems to me that should be changed, at least for large pulleys. 
The standard thing is, I believe, to put two set-serews in. | 
invariably have four put in, two on the feather and two one-quar- 
ter way round the shaft, except when the latter becomes impossi- 
ble by reason of the pulley being split. Then again there are 
some instances in which a pulley will crawl along a shaft, and it 
is almost impossible to keep it in place. In that case I turn the 
set-screw off at the end and then bore the shaft and drive thie set- 
screw into the shaft. I must confess, however, that I can recall 
very few driven into the shaft, apparently good fits, in large whole 
pulleys, which have not at some time worked loose. 

Mr. W. H. Doane-—I would say that in machinery of high 
velocity we have had some experience of this matter of set-screws. 
The best thing that we have found, assuming that the screw is 
a perfect screw in a proper hole, is to get the bottom of the set- 
screw so that it bites pretty sharp, and then we get pretty good 
results. There are many places where it is desirable, as one of 
the gentlemen has said, to sink the point of the set-screw into the 
shaft a little bit. I cannot tell you why it is, but it seems to re- 
tain the set-screw in position. It does not seem to work back. 
But when we drive at 5,000 or 6,000 revolutions a minute, the 
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only way by which we can hold the pulleys on the shaft is by cup- 
ping the lower end of the set-serew or by placing a small key 
nut—the set-serew just hollowed ont to fit the shape, and the set- 
screw to go down on that. That makes a very tight fit. 

Mr. W. 4. Mattes.—Sometimes we get caught in an emergency 
away from home, and have to do things that are not exactly 
mechanical. I have been annoyed at times by the brass stems of 
pulp valves working loose. The stems were of small diameter-— 
probably an inch and a quarter—and were screwed about two 
diameters into brass seats. Of course the fitting was imperfect, 
for after they came out [ could screw them back easily with my 
finger. In such cases | found a remedy by simply blunting the 
edges of the thread gently with the hammer. A very slight treat- 
ment that way cures the evil every time. 

Mr. Engel—1 would like to say that another plan with large 
valves is to put a lock nut on the other side. 

Mr. Mattes.—Perbaps you cannot get at the under side of the 
plate. 

Mr. Engel.—Possibly. Referring to cupped screws, they are 
vecessarily of hardened steel, which some object to (although I use 
them myself) beeause it is difficult to drill them out if they break. 
The cup serew is not, I think, advisable in a place where you wish 
to sink the serew into the shaft. It is better then to turn an iron 
or machinery-steel screw where it enters the shaft sheltly conical 

at least conical at the end, so that it will nearly fit the hole made 
by an ordinary drill of the standard size. 

Mr. Geo. FE. Whitchead.—I find that the principal wear on the 
taps is on the top of the thread, and most of the fits that are made 
have a bearing only at the top of the thread. If you make the 
-crews so as not to bear at the top, but have the friction come on 
the angle of the thread, and make them two or three thousandths 
over size, I do not think they will come out very easily. 

Mr. O. C. Woolsun.—I want to say this regarding set-screws, that 
it is not an uncommon thing to find steel set-screws which have a 
little nick in the point, and being hardened they act as a very nice 
tap, and no matter how nice your hole is made originally, you 
screw in this set-serew with a good wrench, getting a stiff pressure 
on it from a good strong mechanic, and he will re-tap that hole 
very perfectly ; but at the same time he has made it sO large that 
the set-serew will never stay there, or any other standard set- 
screw. The fact of having that nick there did the whole busi- 
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ness, and you get “left,” as the saying is. Every set-screw should 
be cupped, but many screws necessary to be used as such are not 
cupped, but it is not a difficult job to chip a countersink in the 
point even if a drill or drill-press is not at hand. Should the screw 
be hardened, of course it is necessary to draw it a little on the 
point only. 

Mr, Lyne.—The gentlemen have touched upon the cup-pointed 
steel set-screw, and so far it seems to be condemned. We have 
used a great many half-inch steel set-screws to hold pulleys and 
armatures. I have found that by setting down «a cup set-serew 
the vibration of the pulley or the armature upon the shaft 
will gradually form a round or spherical shape inside the cup 
point of the set-secrew, making it loose and splitting it. Conse- 
quently such a screw is worthless. Now to overcome this difli- 
eulty I have taken the half-inch set-screws and ground off the 
knife-edge so as to leave a thirty-second of an inch flat surface ; 
then set that down on a corresponding flat surface on the shaft, 
and it does not come loose. JI am substituting as fast as IT can 3 
set-screws for $ inch, preparing them 
as described by grinding off the sharp 


a knife-edge. I have not had any of 
those work loose. To guard further 
———* against any such contingency, I put 
On the set-screws. 
| Mr. Arthur Fulks nau, In a 
f oom a in which I had considerable trouble in 
\ = keeping a large set-screw tight, T used 
\ =, 

x —KGy the following device | Fig. 93). I took a 
(gM steel set-screw @, drilled a little ways 

kK\ ZA into it as shown at 4, and made four 
slits « with the hacksaw. A double 
3 conical piece of steel d was dropped 

| oI into the tapped hole, and the set-screw 
a SFA run down on that, so that the pressure 
— spread the end of the set-screw, and 
Fig. 93 thus tightened it in the hole. I found 


that this answered very well. 

Mr. James Me Bride.—Since the discussion has turned on the 
holding of pulleys with set-screws, I will say that I have had con 
siderable difficulty with set-screws, in holding pulleys. We had 
some hundreds of pulleys in our establishment when I took charge 
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of it some years ago, which were invariably fastened with set 
screws. Some of the serews had cut a groove two-thirds of the way 
around the shaft; I simply abandoned the use of set-serews en- 
tirely, and had all my pulleys keyed. The pulleys are all sizes, 
from six inches to ten feet in diameter. It costs a little more at 
first to do it in this way, but it pays in years, and you never have 
to do it but once. 


‘What kind of pig iron gives the best results in light castings where eas; 


too]-treatment is the essential rather than strength 


Mr. H. R. Towne.—1 am responsible for this question, and per- 
haps it will Gontribute to bring out some discussion on it if I state 
it a litthe more fully. In some kinds of the smaller machine prod- 
ucts there is so much machining to be done that a very soft 
metal is important. I made some tests of different specimens of 
cast iron with reference to this a little while ago, and my lowest 
figure for the number of seconds required to drill a given depth 
with a given drill was 47, the piece of metal experimented with 
be ing i soft gray iron very carefully annealed. | got at approxi- 
mate results with other annealed castings, rising from 50 to 75 
seconds under different conditions. In the endeavor to accom- 
plish approximately ‘equal results with unannealed castings I 
failed to get anything, as I now remember, below 150, and very 
commonly got 200, and in some cases 300. Ordinary machinery 
iron would have probably run nearer 500, These figures indieate 
that there is a very wide range indeed in the possibilities of soft- 
ness of gray iron castings. At present, we are dependent for the 
best conditions on the use of the annealing furnace. 

If any others have made experiments in this direction it would 
be interesting to know what mixtures of iron or methods of treat- 
ment are found to produce this quality of extreme softness with- 
out resort to the annealing furnace to secure it. 

| may mention in this connection that during a visit to Ing- 
land last summer I was at the Carron Iron Works—one of the 
oldest in Scotland, where they make a specialty of producing very 
soft metal and making very fine castings. They had some very 
beautiful exhibits there of art-work cast from their metal, and 
among other things surprised many of the visitors by showing a 
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piece of thin cast iron, perhaps ;'; of an inch thick, with holes 
punched in it by an ordinary punching press, the holes being in 
some cases not more than } of an inch in diameter, and showing a 
perfectly sharp edge on the upper side, the same as we get from a 
piece of steel. 

Mr, O. C. Woolson.—That last remark of Mr. Towne’s is a very 
interesting one. So far as doing away with the annealing furnace 
is concerned, I am inclined to think that it is impossible to do 
it under the present conditions of molding, and the different 
mechanics that we are obliged to have. But where there is a 
great deal of work being turned out of a light character having 
thin flanges, ete., it is impossible, no matter what the mixture 
may be in the furnace, to do away with case-hardened spots, and 
chills, and as to working those without annealing, it seems to me 
it is impossible to do it. Still, having in mind Mr. Towne’s last 
remark, it would lead me to think that there is some room for 
science there yet, but I have never seen it done. 

Mr. Davis.—Y am under the impression that consider 
able could be effected in the way of making iron soft by treating 
it in the cupola. I have gone so far as to think that there inust be 
a profitable field for research in that direction, and I would be 
very glad if some one could give us the benefit of experience in 
that line. I think the character of the blast has quite an effect in 
making the iron softer, or harder. 

The President. had hoped to have some information for the 
society upon this question and the one in regard to the use of 
molding machines, which has been deferred. Some members of 
our society are connected with the Singer Manufacturing Com- 
pany, which has extensive experience in making light castings and 
working them with milling machinery, and also with molding 
machines in the foundry, but they did not respond to my request 
for discussion on the subject. I have been told that they are 
obliged to use one particular brand of iron for light castings. 
They say that they have quite a number of times tried other 
brands with the hope of reducing the cost, but in every case the 
increased cost of tools for working has very largely exceeded the 
decrease of the cost in the material. Consequently they have 
gone back to the original brand. Iam sorry I cannot tell you 
what that brand is. I do not know that it would do you any 
good, for I understand they take the entire output of the furnace. 

Mr. L. F. Lyne.—I have seen specimens of the Salisbury iron 
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of Connecticut, so tough after castings were made that it 
could be forged. The blast, the fuel, and all those things have a 
great deal to do with it; but my opinion is that you have got to 
put the right mixture of metal into the cupola in order to get it 
out, and I do not believe that you can get iL eood, nice, smooth 
casting without pure material; you have got to make a proper 
mixture. Iam sorry that I do not see a gentleman present who 
is posted on that subject. I expected to meet him here, but he 
is absent. He could give us valuable information in regard to 
making soft castings sound and very strong. 

Mr. W. EF. Mattes.—With reference to the tendency of castings 
to chillin the mold, we might perhaps take note of the experience 


of car-wheel men. I have had considerable experience in making 
charcoal iron for car-wheel purposes, and we found that iron to 
chill well required to be low in silicon, and if it were a little high 
in manganese so much the better. We know that ores high in 
manganese are with great difficulty reduced to a very rich gray 
iron, although recently I have known an experimental case where 
irons had been produced containing 2¢ of manganese, which 
were richly graphitic. ‘This is higher than anything I have known 
to be obtained before. But we also know that irons very low in 
silicon will chill in car-wheel chill-molds. They also show a 
tendency toward chilling in green sand. Therefore, if I were to 
select a foundry mixture for this purpose, I would have it low in 
silicon and high in manganese. 


No. 282.—56. 


What is the effect of adding small per cents of wrought-iron or steel serap in 
the foundry cupola or ladle ? 


Mr. Chas. H. Morgan.—I Nave nothing to say about small per 
cents ; but I have had a little experience with a percentage of 
steel serap as high as from 27 to 33 per cent., having made 


some castings for gears of about 3 inches pitch, from 2 to 7 
feet in diameter, and the mixture which was used was 55} per 
cent. of No. 2 Franklin pig iron. This Franklin iron is made by 
a blast furnace near Utica; some 17 per cent. of Salisbury 
pig iron—No. 2—and 273 per cent. of Bessemer steel scrap. 


We had test pieces made which were 15 inches in diameter and 
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about 10 inches long, and they were turned down to a size which 
would give us a square inch of area, and the test pieces were 
broken in an Emery testing machine. Of the two samples we 
tested, one gave 32,180 pounds and the other 32,150 pounds break- 
ing weight. The castings turned well, the teeth of the gears were 
eut with no difficulty, and have worn most excellently for about 
one year. Last spring, in visiting the Pennsylvania Steel Com- 
pany’s works at Steelton, I asked the superintendent, Mr. F. W. 
Wood, if he had had any experience in using steel scrap, and he 
called my attention to castings an incl and a half thick in which 
I think he said there were about 33 per cent. When I saw the 
question which was to come up for discussion this evening, I wrote 
to him; and his assistant, Mr. E. C. Felton, gave me these facts, 
saying that they were making their rolls, using as high as fifty 
per cent. Bessemer crop-ends with fifty per cent. of their regular 
Bessemer pig, and having excellent results. He brought down 
some test pieces, of which I have a sample here, if any one would 
like to look at the fracture ; and these test pieces gave very nearly 
30,000 pounds to the square inch. Some one might be inter- 
ested in the analysis. Mr. Felton gave me this for the analysis ° 
Graphitie carbon, 2.69 per cent.; combined carbon, 0.4 ; silicon, 
1.13; manganese, .44; phosphorus, .07; sulphur, .0% to .05. I 
give you these facts hoping that it may bring out some one else's 
experience in using a pretty large amount of steel scrap in the 
cupola. Perhaps some one might be interested to know how this 
steel scrap was melted down, for T have known some people who 
have made a failure of it. The foundryman who made these cast 
ings for me got his cupola hot before introducing the steel scrap. 
Then he put in his charge of steel scrap, and then his percentage 
of pig iron on top of the steel scrap, with a little more coal on top, 
and so went on. He considered it very important that his furnace 
should be quite hot before introducing the steel serap. 

Mr. H. R. Towne.—I lave also been using a east iron with 
Bessemer scrap in it, and as so many remarks have been offered 
which are of interest in this connection, I will add this to them. I 
have experimented with various percentages of scrap from 10 up 
to 50, and have found that the best results usually lie somewhere 
between 10 and 25 per cent. When using a larger percentage of 
the Bessemer scrap, I failed to get any inerease, in the tensile 
strength at least. I have here the results of tests in two of these 
cases, in one of which there was 14 per cent. of the Bessemer 
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metal, the tensile strength being 33,000 pounds per square inch, 
and another in which there was 20 per cent., the strength being 
38,000 pounds. 

Mr. W. J. Mattes.—I would like to ask Mr. Morgan how this 
mixed metal compares in pouring in the mold with ordinary 
castings. 

Mr. Morgan.—-I cannot say as to the fluidity of the metal, as 
I was not present at the pouring of the castings ; but I found 
the castings very sound and free from blow-holes. 

Mr kb. D. Leavitt, Jr.—I should like to ask if the fracture of 
the casting shows a homogeneous structure; in other words 
whether the steel was sandwiched like a Washington pie or 
whether it was entirely invisible as steel. 

Mr. Morgan. ] would say in answer, that the fracture was 
uniform. 

Mr. A, H. Raynal.—At the De Lamater Iron Works, the addi- 
tion of wrought-iron scrap to cast iron has been practiced for 
many years, when extra strong castings were required. The 
wrought iron is placed in the ladles in pieces not too small, and 
the iron from the cupola poured over it without stirring. From 
5 to 20 per cent. has been used in that manner, and | have tested 
bars which showed an increase in strength by this method of 
nearly 25 per cent. 

Mr. Win, ANent.—1 would like to ask if any advantage has been 
found in the use of rusty scrap or seale of iron in that connection. 
I think from theoretical reasons some advantage would be found 
from rusty scrap in small pieces, the oxygen of the rust or scale 
tending to burn out some of the objectionable silicon in the pig. 

Mr. Towne.—I cannot answer the last question except to say 
that all the scrap that is usually cast into the cupola is more or 
less rusty. The metal, as we have used it, has been rather slug- 
vish—not as fluid as softer irons. We have found some tendency 
to develop blow-holes in the castings. It requires pretty careful 
pouring, at just the right time, and often there is just a little un- 
certainty in the result—blow-holes which do not show on the 
surface at all. That I think is a difficulty which will disappear, 
just as it did in the ease of steel castings. 

Mr. EF. F.C. Davis.—I would like to ask whether this steel 
mixture has been used in making car wheels, and whether there is 
any trouble to get the iron and steel to melt down together and 
mix together properly in the ladles. 
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No. 2823.—57. 


What makes the best molds for complicated steel castings to secure solidity 
and freedom from shrinkage cracks ? 


Mr. T. R. Morgan, Sr.—The question as put is so broad that it 
is almost unanswerable, but the intention of the question was no 
doubt to cover, if possible, those defects which have been met in 
the manufacture of steel castings, and the desire is to know low 
best they may be avoided. A reply can only be made ina general 
way, as there are so many conditions to be met with in the present 
demands for steel castings in such variable shapes—delicate and 
massive, simple and complex—-that each and every size and kind 
has to have a study and a practice peculiarly its own to obtain 
the best results to meet the class of work for which such castings 
are intended. It is not intended by this reply to make the 
answer to this question more complex than the question is, but if 
possible to cast a ray of light toward helping others interested to 

look at this question in the manner so far found necessary, and 
~ the same processes will have to be continued to obtain the best 
practical results in this as in every line of manufacture. 

It is well known to those who have had large experience in the 
manufacture of iron castings—large, medium, and small— that to 
obtain similar results in the varying kinds and sizes, molds of 
varying kinds to suit each kind and size have to be made. The 
kinds of material charged in the cupola also have to be changed 
when passing from small to large work to give even similar 
results. In large massive castings a much higher grade and harder 
material can be used than on the smaller and thinner castings. 
If a high grade of hard iron were used for small castings, on such 
castings as pulleys and other classes of thin work, they would 
shrink so much in cooling that they would break to pieces before 
or soon after leaving the mold; and even if such castings would 
stand without breaking, they would be so hard and dense that 
they could not be machined with steel tools. For large, massive 
castings, iron even of a higher grade and density could be used 
than the last specified, since in the large castings of considerable 
thickness the grain would be open, it would be easily machined 
with steel tools, and would prove just the kind of iron needed to 
give strongest and best results for such large castings. The sand 


for the molds and the wash or coating for the various sizes and 
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kinds of molds have also to be varied to suit each size and kind 
of casting. The temperature at which each kind and size of east- 
ing should be poured is another very important item, and thie 
methods used for gating, and the place or places selected to run 
the castings, must also be studied, since some castings require one, 
and others many places to run the molten metal. The sizes and 
places for such runners are important, and when to run each, 
whether one after the other or together, is another matter which 
will tax the judgment of those in charge to obtain the best prac- 
tical results, in combination with many of the other combinations 
specified above, and even after attaining the best results specified, 
it becomes ne cessary with some kinds of complicate d castings tu 
open up the molds at the proper time to prevent the casting from 
undue strains in cooling and shrinking. This r quire s long prac- 
tice and cood judgement on the part of the mechanic or mechanics 
in charge. 

All of the above conditions specified for castings of iron must 
be duplicated in the manufacture of steel castings, but on higher 
and more exacting planes. In the manufacture of iron cast- 
ings, most of the practice of the world lh is been carrit d on \ZOvV- 
erned in the many conditions necessarily specitied here as to 
the use of mixtures of material) by grades bought from leading 
produce rs according to standards tixed by the breaking and eye 
test, using cupolas or air furnaces, with coke and coal to do the 
melting. All the operations dey. nd on the crude tests last speci- 
fied, and the reliability of the supply of the best materials from 
reputable manufacturers of coal, coke and iron. A great many 
responsible, reputable founders, having experienced, practical 
men employed in their foundries under such conditions, have 
turned out some of the most varied, complicated and best castings 
made for years. Some few of the modern and best have had 
their chemical laboratories, and as far as material is concerned, 
have gone beyond the general practice of iron founders, and are 
certainly entitled to the best results. But while these show by 
comparison the possibility of getting the best iron castings, just 
as wrought iron has been manufactured in rolling mills under 
similar crude practical conditions, the manufacture of the many 
grades of steel required for the best steel castings of varying sizes 
and kinds has made necessary all the higher conditions of chem- 
ical and practical knowledge combined. Steel castings, by what- 
ever method the steel is melted—whether open hearth, Bessemer, 
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erucible, or some other—require each a different treatment to pro- 
duce similar results. The chemical quality of molds and coating 
must be known and changed to produce similar results in two 
different kinds and sizes of castings, following with keener practi- 
eal care every operation specified for iron castings. After this, 
practical machine and other testing records should be made, so 
that every known practical and chemical operation shall have 
been recorded for future use, with a careful watch also upon the 
practical use of castings made. All this takes time, just as has 
been necessary for the steel rail men to find out its necessary good 
qualities. Steel castings require higher class conditions than iron, 
depending more on the chemical than practical, but requiring 
both to a higher degree for steel than iron. The manufacturer 
having the best general conditions, and who will have the desire 
and determination to take none but the best stoek, will certainly 
make the best steel castings. To enable him to do so, it will be 
necessary for him to get the best encouragement possible from 
the purchaser of steel castings, who should not expect the best 
steel castings at lowest competing price, but will be willing to pay 


more for the best castings made under careful and costly condi- 
tions than for castings not so good made under inferior condi- 
tions. This latter enters into the question as much as either and 
all of the others. 

Steel castings made and annealed well have an average of at 
least four times the tensile and wearing qualities of best cast 
iron. With the many conditions specitied here carefully attended 
to, the splendid results attained by leading manufacturers of iron 
castings in the leading countries of the world are possible, and I 
have not the least doubt that their suecess will be fully equaled 
in time in steel castings. Of this we have many satisfactory evi- 
dences already from some leading manufacturers of steel castings, 
who have turned out complicated examples both large and small. 
Being myself the president of one of the steel casting companies 
who make steel castings in large quantities for leading manufac- 
turers and railways all over this country, we have refused to touch 
many important complicated steel castings, simply because the 
cost of making them would be greater than the return, when iron 
flasks only are used and some of a complicated kind have to be 
made specially for such work. All I have said here is from long 
experience and observation, with a desire only to answer tlie 
question in the only right, truthful, practical way, and not to leave 
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some or any conditions out. Any not being regarded may de- 


stroy all the others, which would favor the best results to obtain 
solidity and freedom from shrinking and eracks, as well as othe: 
best qualities entering into steel castings. ‘lo verify what we 
have said here, we have had many evidences of varying grades of 
eastings run from the same ladle, in which some would prove to 
be solid and others would not. We always have 


found a good 
reason for the ditferenees, and have used our kn 


} 


wledge to secure 


a remedy the next time, taking good care that when we had 


similar castings following to lave them alike. Very important 
difficulties to be met with in the manufacture of steel castings 
eome from the high melting temperature and qui k eoo!] ng of 
steel, and from the fact that steel has about double the shrinkage 
met with in iron eastings. 
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First Day, Turspay, May 8. 


The First Session was called to order at 10 a.m. in the large 
hall of the Watkins Institute. The Secretary's Register showed 
the following members in attendance : 
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Woodward, C. M 


Champaign, Il. 
-St. Louis, Mo, 


Several guests were also in attendance, and a number of ladies. 
The first business was the report of the tellers of the Council, 
which was presented as follows: 

The Council would also present the report of its tellers, as 
follows: 

The undersigned were appointed a committee of the Council 
to act as tellers, under Rule 13, to count and serutinize the ballots 
cast for and against the candidates proposed for membership in 
the Society of Mechanical Engineers, and seeking election before 
the XVIIth meeting of the Society in May, 1888. They would 
report that they have met upon the designated days in the office 
of the Secretary, and proceeded to the discharge of their duties. 

They would certify, for the formal insertion in the Records of 
the Society to the election of the appended named persons, to 
their respective grades upon Lists No. 1 and Zs respectively pink 
and yellow. 

There were four hundred and twenty-six votes cast in the ballot 
upon the pink list, of which ten were thrown ont because of infor- 
malities. 

There were three hundred and fifty-seven votes cast upon the 
yellow ‘ballot, of which twenty-two were thrown out because of 
informalities, 

The lists are appended below. 
STEPHEN W. BaLpwin, 


March 1, 1888. Wa. H. Witey. Tellers. 
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No new business being presented by the members, the profes- 
sional papers were then taken up. The first paper was by Mr. 
Henry R. Towne, of Stamford, Conn., entitled “A Safety Car- 
heating System,” which was discussed by Messrs. Babcock, Go- 
beille, Minot and Kent. A paper on the same subject by Mr. Wm. 
J. Baldwin, of New York, “ Notes on Warming Railroad Cars by 
Steam,” received no discussion. The third paper on this subject, 
by Mr. John T. Hawkins, of Taunton, entitled “ Automatic Regu- 
lator for Heating Apparatus,” was discussed by Messrs. Babcock, 
Dent, Kent, Warner, Gobeille, Reese and Minot. 

A second paper by Mr. John T. Hawkins, “ A Plea for the 
Printing Press in Mechanical Engineering Schools,” was discussed 
by Messrs. Kent, Cobb, Hutton, Reese, Gobeille, See and Sweet. 

Two papers belonging to the Economie Section of the Society’s 
papers were as follows: By Mr. H. L. Binsse, of Newark, N. J., 
on “A Short Way to Keep Time and Cost,” and by Mr. Geo. L. 
Fowler, of New York, on “ Estimating the Cost of Foundry Work.” 
The latter was discussed by Messrs. Dingee, West, Hawkins, See 
and Sweet. 

The Topical Queries were then taken up to the hour of adjourn- 
ment. Messrs. Cooper, Dingee, Suplee, Minot, Lanphear, War- 
ner, and Parsons discussed the two queries on rope-driving 
transmission as follows: “ What is the most economical speed in 
telo-dynamie transmissions for high and low power? and, What 
data have you for design of hemp-rope transmissions, especially 
where several parallel ropes replace a flat belt ?” After announce- 
ments as to excursions, the President announced the nominating 
cominittee for officers of the Society for the ensuing year, under 
Article 31 of the Rules. 

Such committee consisted of Mr. W. Rt. Warner, of Cleveland, 
Ohio; Mr. B. H. Warren, of Boston, Mass.; Mr. A. F. Nagle, of 
Chicago, IL, Mr. Geo. R. Stetson, of New Ledford, Mass., Mr. 
John F. Wilcox, of Pittsburgh, Pa. 

The session then adjourned. 

The excursion of the afternoon is described in its proper place. 
In the evening a public session was held in Watkins Institute, 
and addresses of welcome were delivered by Governor Robert L. 
Taylor of the State of Tennessee; by Mayor P. C. McCarver, of 
the city of Nashville, and by Gen. G. P. Thruston, Chairman of the 
Citizens’ Committee of Arrangements, who also presided at the 
‘urlier part of the sessions. At the close of these addresses, the 
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chair was handed over to President See of the Society, who intro- 
duced Prof. Calvin M. Woodward of the Society, who had been 
invited by the officers of the Vanderbilt University to deliver an 
address before their engineering students, and the topic selected 
by him was * The Coming Engineer.” At the close of this address 
an informal reception was tendered to the Society in the rooms 
of the Art Association and Historical Society in the Watkins 
Institute. 


Srconp Day, Wepnespay, May 9. 


The morning session was appointed for 9.30 in the chapel of 
Vanderbilt University. President See was detained from the 
chair by illness, and on motion ex-President Sweet was called to 
preside. The exercises were opened by an address by Chancellor 


L. C. Garland, of the University. This was followed by profes- 
sional papers as follows: Prof. R. H. Thurston’s paper on ‘ Pro- 
portioning Steam Cylinders’ was discussed by Messrs. Babcock 
and Whitham. The paper by Mr. C. C. Collins on “ A New 
Method of Inserting and Securing Crank Pins” was discussed by 
Messrs. Fawcett, Hawkins, Cole, Minot, Hutton, Bond, Kent, Cole 
and Reese. The paper by Mr. Wm. F. Mattes on “ Connecting 
Rods” was diseussed by Messrs. Whitham and See. At the close 
of this discussion, the session adjourned to allow a visit to the 
buildings of the University, and after this inspection the members 
convened at the foundation begun for the building of the School 
of Mechanical Engineering. Bishop McTyeire, President of the 
Board of Trust of the University, opened the exercises by a brief 
address of welcome, responded to by Prof. F. R. Hutton on behalf 
of the Society. The contents for the chest to be deposited within 
the corner-stone were laid in place by Prof. Magruder of the 
University, and Mr. Wm. Kent, of the Society, gave an address of 
salutation, after which the stone was laid and sealed, and the lay- 
ing was concluded by appropriate religious exercises. A lunch 
was served in Wesley Hall of the University by the ladies con- 
nected with its corps of officers, and the afternoon excursion was 
begun from this point. 

In the evening, the three papers by Mr. Geo. H. Barrus were 
discussed as follows: “The Effect of Cirenlation in Steam Boil 
ers on Quality of Steam” was discussed by Messrs. Whitham, 
Nagle, Coon, Gale, Minot, Suplee and Huston; that entitled 
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“ Memoranda on the Performance of a Compound Engine” was 
discussed by Messrs. Coon, Minot, Parsons, Cobb, Suplee, See, 
Gale and Nagle ; that on “ An Electric Speed Recorder ” was dis- 
cussed by Prof. Sweet. 

The Topical Queries were here again taken up for the rest of 
the evening. Messrs. Barrus and Minot answered the query in 
reference to the fuel economy of high-speed engines as compared 
with slower engines with releasing-gear. Mr. Suplee gave data as 
to the paper friction-gear used in the Northwest. Messrs. Reese, 
Stetson, Hutton, Minot, Lanphear, Hawkins, Rogers and Cole 
spoke upon the molecular structure and hardness of steel, as 
affected by electro-plating and flexure in reducing the temper of 
highly hardened steel. Mr. Kent moved that at a future meeting a 
symposium on steel phenomena be held as one feature of the Topi- 
cal Queries of that session. This was referred informally to the 
Committee on Queries. 

The query as to the necessary amount of metal to be removed 
from sheared edges of steel plate was answered by Messrs. Haw- 
kins, Cooper, Suplee, Kent, Huston, Cobb, Coon, Nagle, See and 
Reese. 


After announcements, the session adjourned. 


Tuirnp Day, Wepnespay, May 10. 


The fifth session was opened by the paper of Prof. Jay M. Whit- 
ham, of Fayetteville, Ark., on “Surface Condensers.” ‘This was 
discussed by Messrs. Wheeler, Engel, Cole, Nagle, and Coon. The 
paper by Mr. J.S. Coon, of Burdette, N. Y., entitled, “ Duty Trials 
of Pumping Engines,” was discussed by Messrs. Barrus, Hawkins, 
Sweet, Nagle, Mattes, Kent, and Hutton. The debate was opened 
by proposing that a committee of five be appointed by the Presi- 
dent to prepare a report embodying a series of rules which could 
be followed by members of the Society in their practice, and could 
be recommended as standards in such tests by outsiders. The 
question of the policy of the Society in the matter of adopting 
reports of committees was again adverted to,* but the advantages 
would be so great if such standard rules were prepared by com- 
petent authority, even if it were not expedient for the Society to en- 
force their adoption, that when the question of the appointment was 

* See Volume VI. Transactions, pages 256 314, and £77, Nos. CLXVIIL., 
CLXVIIL. A, and Appendix VI. 
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put it was carried unanimously, and the President subsequently 
appointed Messrs. Barrus, Coon, Nagle, Reynolds, and De Kinder. 
The paper by Mr. F. W. Dean, on the “ Distribution of Steam in 
the Strong Locomotive,” was discussed by Messrs. Barrus, Coon, 
Mattes, Snell, and See. That by Mr. L. S. Randolph, on 
“Strains in Locomotive Boilers,” was discussed by Messrs. Mid- 
dleton, Parsons, Kent, Hawkins, Minot, Baldwin, Reese, and 
Wileox. Mr. W. L. Clements, of Day City, Mich., presented a 
paper on “Steam Excavators,’ which received no discussion. Mr. 
John M. Sweeney, of Wheeling, W. Va., presented a paper on 
“River Practice in the West,’ which was discussed by Messrs. 
Nagle, Wileox, Kent, Rogers, Parsons, Bond, Minot, Livermore, 
Woodward, and See. At the conclusion of this discussion the 
morning session adjourned. 

The coneluding session was convened in the hall of the Watkins 
Institute, at eight o’clock, Thursday evening. The paper by Mr. 
H. de B. Parsons, upon the “ Displacements and Area Curves of 
Fish,” received no discussion. The paper by Prof. James E. 
Denton, on “ The Mechanical Significance of Viscosity Determina- 
tions of Lubricants,” was diseussed by Messrs. Wileox and Haw- 
kins. Mr. Frederick A. Scheffler, of Krie, Pa., gave a “ Foundry 
Cupola Experience,” which was discussed by Messrs. Snell, Wil- 
cox, Gobeille, Sweet, and Mattes. The paper on “ The Best 
Form for Nozzles and Diverging Tubes,” by Mr. A. F. Nagie, of 
Chicago, received no discussion. Prof. Thurston’s second paper, 
entitled, “ Large and Enlarged Photographs and Blue Prints,” was 
discussed by Messrs. Hall, Fawcett, Rogers, and Wilcox. 

The paper by Prof. J. Burkitt Webb, on “ A Persistent Form 
of Gear Tooth,” received no discussion. The final paper of the 
session was that of Mr. Wm. Hewitt, of Trenton, N. J., entitled, 
“Wire Rope Fastenings,” and was discussed by Messrs. Hawkins 
and Reese. 

At the close of this paper, the following resolutions were 
presented by various members with short and appropriate remarks : 


Whereas, The seventeenth meeting of the American Society of Mechanica! 
Engineers has been held in the city of Nashville, and the members have received 
an unprecedeutedly hearty welcome ; 

Resolved, That it is the unanimous voice of the members that they desire to 
place on record their appreciat.on of the many kindnesses and courtesies extended 
them during their short stay. 

Resolved, That our hearty thanks are extended to the local committee of citizens 
of Nasiivil'e, and especially to Gen, G, P. Thruston, chairman, and Prof. Olin H. 
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Landreth, secretary, for their untiring efforts in planning and carrying out a 
most successful programme for the entertainment of the Society. 

Resolved, That we heartily thank Governor Taylor, of Tennessee, and Mayor 
McCarver and the citizens of Nashville, who have so ably seconded the local com 
mittee in their efforts to make our stay thoroughly enjoyable and memorab e. 

Resolved, That our thanks are due tothe President and Faculty of Fisk Univer- 
sity for the opportunity afforded to visit their unique and noble institution, and 
to note their worthy and highly successful efforts in educating the colored race, 

Resolved, That we extend our thanks to the Board of Trust and Faculty of Van- 
derbilt University for the opportunity to visit their excellent institution, and 
especially do wé thank them for their kind invitation to participate in the exer- 
cises of laying the corner-stone of their new School of Mechanical Engineering. 

Resolved, That we extend our thanks to the West Nashville Land Improvement 
Company, Dr. H. M. Pierce, president, and to the Nashville Tron, Steel and 
Charcoal Company, Gen, Willard Warner, president, for their courtesies extended 
in exhibiting and explaining their highly interesting and extensive plant for 
making iron and charcoal, and for making useful products from the was'e gases 
of the charcoal kilns. 

Resolved, That the Society extends its thanks to the President and other officials 
of the Nashville, Chattanooga & St. Louis Railway Company for their kindness in 
providing transportation to the various points of interest in the vicinity, and also 
for their provisions for an extended trip to Chattanooga and return. 

Resolved, That we extend our thanks to Gen. W. H. Jackson, proprietor of 
Belle Mead farm, for his kindness in extend:ng to us the hospitality of his 
beautiful and magnificent esiate, and the opportunity to inspect his world-famed’ 
and unparalleled thoroughbred stock. 

Resolved, That we highly appreciated and enjoyed the generous repast provided 
at Vanderbilt University after the exercises of laying the corner-stone, and that 
our thanks are hereby extended to “the ladies of the campus" of Vanderbilt 
University for their bounteous hospitality in providing that delightful entertain- 
ment, and for their other acts of courtesy during the day, and also to the ladies of 
the Reception Committee in Nashville for the attention and hospitality extended to 
the visiting ladies. To Mrs. Polk, also, for the privilege of visiting her historic 
mansion, and of enjoying her hospitality and courteous reception of her guests. 

Resolved, That our }.eaity thanks are extendec to Messrs. Whitsett & Adams, 
builders of the new reservoir, for their kindness in exhibiting their work while 
in progress, und for the generous entertainment provided during the visit. 

Resolved. That the thanks of the Society are due and are hereby tendered to the 
members of the Cincinnati Reception Committee, Messis. W. H. Doane and G. 
A. Gray, Jr., for the generous entertainment received at their hands on our 
arrival in their city ; for the delightful carriage drive, of which our enjoyment 
was complete, and which formed so pleasant a feature of our trip to the seven- 
teenth meeting, and whicl: will be long remembered by those who were privileged 
to enjoy it. 


The President, after the unanimous passage of the above reso- 
lutions, and response to them briefly by Prof. Landreth and Gen- 
eral G. P. Thruston, made an announcement of the autumnal 


annual meeting of the Society in October, at Scranton, Penn., and 
the seventeenth meeting adjourned. 
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Excursion Days. 


The members of the Society who came to the meeting from 
New England and New York made use of special cars put at their 
service by the courtesy of the N. Y..L. E.& W. R. 2. from Jersey 
City through to Nashville. On their arrival at Cincinnati, Ohio, 
and pending the departure of the evening train on Monday, the 
party was met by Messrs. Doane and Gray of that city, and were 
by them escorted in carriages to visit the Exposition Buildings 
and Musie Hall, to the Art Museum and Park at Walnut Hills, 
and through the residence part of the city upon the heights. 


Tuespay, May 8. 


On Tuesday afternoon, a special train on the Nashville, Chat- 
tanooga and St. Louis R.It. conveyed the party to West Nashville 
stopping at Fisk University. Addresses by the President of the 
University, by the President of the Society, and by Prof. C. M. 
Woodward, were interspersed between singing of Jubilee and 
other songs by the assembled (colored) students. At West Nash- 
ville, the Society inspected the new furnace plant of the Standard 
Charcoal, Iron and'Chemical Company, being weleomed by General 
Willard Warner and Dr. H. M. Pierce, who also acted as guides 
in the inspection of the chareoal kilns and bye-product apparatus. 

teturning, the party reached the Union Depot in good season. 


Wepnespay, May 9. 


After the moruing session for papers and the visit to the build- 
ings of Vanderbilt University, the ceremonies of the corner-stone 
laying of the new building for mechanical engineering, and a most 
enjoyable luncheon in the refectory of Wesley Hall, served by the 
ladies of the Vanderbilt University campus, carriages conveyed 
the party to the West Side Park, where a special train bore them 
to Belle Mead, the celebrated stock-farm owned by General W. 
H. Jackson. He received his guests in the hall of his hospitable 
mansion with a few well-chosen words of weleome, and then 
escorted them to see his deer and their park, his blooded horses 
and other selected stock. On the return to the verandas of the 
house, after refreshment, and a few words of thanks and recogni- 
tion by a representative of the Society, the party returned to the 
city. 
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Tuurspay, May 10. 


The excursion of this afternoon was by special train over the 
Overland Dummy Road to Glendale Park, stopping at the new 
City Reservoir. The party were entertained most hospitably by 
Messrs. Whitsett and Adams, the contractors, and much enjoyed 
the rest and luxuriant foliage of the Park. 


Fripay, May 11. 


A special train left the Union Depot bearing the party and some 
of their hosts to South Pittsburg. After dinner at the City Inn 
and Marion Hotel,the party were escorted to visit the Perry 
Stove Works, the South Pittsburg Pipe Works, and the furnaces 
and mines of the Tennessee Coal, Iron and R.R. Co., exploiting 
the resources of the Sequachee Valley. At the Inman mines, the 
geological formation of the ore bodies was described by Dr. J. M. 
Safford, State Geologist, and several members visited the under- 
ground workings. Returning thence to South Pittsburg, and being 
rejoined by tke ladies, the main line was resumed to Chattanooga. 

On Saturday morning an escort party of the Chamber of Com- 
merce was in waiting at a station of the Union Ry. Co., and 
accompanied their guests to Citico Furnace and the New Water 
Works, up the Mission Ridge incline, over to East Lake, over a 
part of the new Chattanooga and Lookout Mountain Railway and 
return. 

After dinner, the same train conveyed the excursion party to 
the foot of the inclined plane up Lookout Mountain, and from its 
top the magnificent view of the historic battle-fields could be seen 
to best advantage. After an inspection of the machinery of the 
plane, the party returned to the hotel. 

In the evening, the Chamber of Commerce held a reception for 
the members of the Society in their rooms on Market Street, brief 
speeches of welcome and congratulation being made by both hosts 
and guests. 


The special car of the Society was in waiting at the station 
after the reception, and bore the larger proportion of the mem- 
bers away. 

The weather was perfect during the entire week of the conven- 
tion, 
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CCLXXANIV. 
PROPORTIONING STEAM CYLINDERS. 


BY R. H. THURSTON, ITHACA, N, Y. 


(Member of the Society). 


Tue best proportion of the steam cylinder, in the modern steam 
engine, depends upon so many and such conflicting conditions that 
it would seem almost hopeless to attempt to work out more than 
a rough approximation to tne best for any given case in practice. 
There are, however, some considerations of prime importance which 
may be investigated, and which may lead to some rather deti- 
nite standards. These are conditions of serious influence in the 
modification of heat wastes, the costs of construction, and, above 
all, the financial conditions of continuous operation. The first set 
of conditions determines the best form of steam cylinder ; the sec- 
ond determines the type and proportions of an engine for which the 
power, the steam pressure, and the ratio of expansion are settled ; 
while the last set of conditions determines how large an engine, 
under given conditions of cost of the various items making up the 
total of running expenses, can be profitably employed. 

Of the last, a somewhat extended study has been made by the 
writer in earlier papers, and by others, and it is not intended to 
consider them further here. It is enough to say, in review of that 
subject, that it is found that the best engine for a given place is 
not that which gives the highest duty, but that which, all items of 
cost and operation being considered, gives the least average running 
expense for the life of the machine, or for an extended period of 
operation. Such an engine is smaller, and has a lower ratio of 
expansion than the engine which would be chosen on the basis of 
highest duty; and this difference in size and first cost is the 
greater, in this regard, as the type of engine chosen is the further 
removed from the ideal, the perfect engine. It is, for example, 
found that while the ideal engine may, under certain specified con- 
ditions, have a ratio of expansion at maximum efficiency of fluid 
of twenty, the actual engine built as nearly as the skill of man can 
make it upon the same scale and type, gives its highest duty at ten 


i 
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expansions, and would do still better, financially, if given enough 
more work to make its ratio of expansion in regular working, we 
will say, seven or eight. In other words, a smaller engine is de- 
sirable in this last case than would have been taken as best were the 
conditions, other than financial, to have control. The precise pro- 
portions to be adopted are determinable whenever the data are 
furnished, and the problem thus presented will be assumed to 
have been solved for the cases to be taken up in the present paper. 

The costs of construction vary enormously with the type and 
general proportions of theengine. As a rule, the larger the engine, 
the less the cost per horse power developed ; the shorter the stroke, 
and hence, the shorter the engine as a whole, in similar proportion 
nearly, the less the cost of building; and the simpler its design, 
and especially of its valve motion, the lower the expense of con- 
struction. The tendency of sharp competition, such as now exists 
in the general market, the result of which has been to reduce the 
profits in the business, in many instances, far below the paying 
point, is to lead to the design and construction of engines of very 
short stroke and of very high speed of piston and of rotation, a 
tendency also promoted by the fact that, other things being equal, 
high piston speed and high speed of rotation give reduced wastes 
of heat in the cylinder, as well as lessened costs of building. Thus, 
though the proportions of the steam-engine cylinder are often de- 
termined by the judgment of the designer, or the exigencies of 
location, the relative length of stroke and diameter of cylinder 
are actually related by detinite principles; these being settled, it 
becomes easily possible to solve the problem, and to fix the dimen- 
sions at a single operation. 

Efficiency of working fluid is promoted by securing a definite 
proportion of stroke to diameter. Were all parts of the interior 
surfaces similarly affected by variations of temperature, as the 
engine works through its cycle, it is evident that minimum cylin- 
der condensation would be secured by making the ratio of that sur- 
face to the cubic contents of the cylinder a minimum; that is by 
making the struke twice the diameter. The volume on each side 
of the piston would then have a diameter equal to its length, a con- 
dition recognized as that corresponding to the conditions sought. 
The losses from the exterior being considered, a stroke equal to the 
diameter would be prescribed ; but those losses of heat are insig- 
nificant in comparison with the wastes by internal conduction, con- 
vection, and radiation, and the proportions of the cylinder are de- 
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termined by the first named considerations. In fact, however, 
the waste by this latter form of loss of heat, by cylinder condensa- 
tion, occurs mainly inside the point at which the cut-off valve closes, 
and the proportions should be, were this absolutely the limit, such 
as would make the stroke equal approximately to the product of 
the diameter and the ratio of expansion. On the other hand, the 
wastes of heat internally come quite as generally from the loss of 
heat during the later part of the expansion and the period of ex- 
haust, during the period of re-evaporation, as from the action noted 
during the time of entrance of prime steam, That is to say: the 
total condensation up to the point of cut-off is determined largely 
by the extent to which cooling is permitted, and re-evaporation 
produced during and after the formation of the expansion line, and 
during the return stroke. 

dut still another consideration comes in to complicate the prob- 
lem: the time of exposure of the surfaces to the action of the 
steam and the exhaust. It is as yet unknown just what influence 
this has upon the amount of the condensation, and general experi- 
ence has led to the fixing of the proportions of the engine at not 
more than stroke 2 and diameter 1, nor less than equality of stroke 
and diameter. The former proportion is adopted for slow engines, 
the latter for these of highest speed of rotation. Usual limits lie 
between one and one and a half diameters. 

Assuming the best proportions for a given case to be settled, as, 


for example, making |~ = c, and ¢ = 1 for very fast-running en- 


=< 
gines ;¢ = 1.33, or ¢ = 1.5 for moderate speeds; and ¢ = L.5 to ¢ 
= 2 for the slower engines ; and taking the speed of piston, as as- 
sumed by Watt, as varying as the cube root of stroke, and if V is 
the speed, and V the number of revolutions per minute, 


in which a = 500 as a fair maximum ; } = 250, and 2’ = 1300; we 
may at once obtain a value of the diameter, d, of the cylinder 
thus: 

The net power of the engine to be designed is the quantity first 


3 3 f = 
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to be fixed upon, and the gross or indicated power is to be thence 
obtained by dividing the net or dynamometric power by the effi- 
ciency : 


D. H. P. + = 1. P. = 2p,LAN 33,000, 


in terms of the mean pressure p,,, the length of stroke Z in feet, 
the area of the piston A in square inches and the number of revo- 
lutions per minute, .V. Then if the proposed ratio of length of 
stroke to diameter of piston is ¢, 7 = 12 Z, and 


Lat N 1 
Li. P. = = Pm 
33,000 24 33,000, 
and taking the value of WN as a function of length of stroke, as 
above, 


= 33,000 


= MP», 


m/ \ Lm / 


when m and n are the collected constants. 
Taking a = 500; 6 = 250; b' = 1300, as above, and assigning 
values to ¢, as in the table, we obtain the accompanying values of 


1 
m,n, and —: 


TABLE OF CONSTANTS. 


1 


b m n 
2.00 500 .013094 761.35 6.411 
2.00 375 009823 101.80 7.252 
2.00 250 00655 152.00 8.625 
2.00 175 004584 213.14 10.053 
2.00 125 008274 305.40 11.613 
1.75 500 .012527 79.827 6.534 
1.75 375 009396 106.43 7.392 
1.75 250 . 006250 159.70 8.758 
1.75 75 004885 228.07 10.247 
1.75 125 .0038131 319.30 11.837 
1.50 500 .011900 84.03 6.680 


24 
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TABLE OF CONSTANTS.—Continued, 


b m n 
1.50 375 008925 112.05 7.556 
1.50 250 .005950 168.10 8.988 
1.50 175 004165 240.10 10.575 
1.50 125 002975 336.14 12.100 
1.33 500 -011430 87.47 6.796 
1.33 375 OO857T4 116.60 7.688 
1.33 250 005720 174.80 9.203 
1.33 175 004001 249.92 10.752 
1.83 125 349 89 12.419 
1.25 500 .011198 89.30 6.856 
1.25 375 .OO8899 119.07 7.756 
1.25 250 .005600 178.80 9.231 
1.25 175 008919 255.14 10.752 
1.25 125 002799 357.20 12.419 
1.00 500 010396 96.20 7.079 
1.00 OOTT9T 128.26 8.007 
1.00 250 005200 192.40 9 340 
1.00 75 .003638 274.84 11.100 
1.00 125 002599 384.78 12.822 


Similar tables are readily calculated for other speeds of engine. 
In any case, the speeds and the relative diameters and strokes of 
piston being settled upon, for any type or style of engine, the de- 
signer can very easily thus deduce a series of dimensions of cylin- 
ders to suit his needs or his views. 

For example: Let it be proposed to design an engine of 250 
H. P., net. Then the indicated power would be, allowing an effi- 
ciency of machine £4, = 0.90, 


LER 


and if the mean pressure is faken at 
1 + log, 
Pu = 7 us - = 40 lbs., 
x 280 
d = - 


= 21.2 inches 
) 


and calling d = 21 inches, Z = 1.33 x d = 28 inches or 2} feet, 
nearly. 
An engine of 21 inches diameter of cylinder, and say 2} feet 


250 
stroke of piston, making N = o6i = 136 revolutions per minute, 


af 
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nearly, with a mean pressure of 40 pounds, should thus give about 
280 indicated horse-power : 


2p LAN 40 x 2.5 x 346.386 x 2 x 136 
> m — 
33,000. 33,000 


= 2841.55, 


and the right size of engine is found. 


Referring again to the values of » given above, it may be re- 


marked that those corresponding to the value 4’ = 650, or to V = 
3 4 3 ’ 

2507 and = 125 //8, correspond to low speeds of ordinary 

engines, or to high speeds of pumping engines; for b' = 1300, or 


for Y = 3004 Sand for V = 125//8, to fairly high speed of en- 
vine; while those for = 2600, or for Vo = 10004/S8 and 

5004/8, correspond to the highest speeds of engines for electric 
lighting, tor locomotives, and for torpedo boats. 


DISCUSSION. 


Mr. George H. Babcock :—The elaborate mathematical formule 
worked out in this paper are interesting, and doubtless correct, 
though I find some difficulty in tracing the relations of some of the 
equations, as for instance those at the foot of the third page of the 
paper, and at the head of the fourth page, es well as those in the 
last paragraph, which latter difficulty I flatter myself is due to 
typographical errors rather than to my ignorance. Itis question- 
able, however, if all this figuring is needed in practical work, 
where so much is admittedly left to judgment based on experience. 

As the author remarks, “general experience has led to the 
fixing of the proportions of the engine at not more than stroke 2 
and diameter 1, nor less than equality of stroke and diameter,” 
and he adopts this proportion as the basis of his figures. It will 
be seen also that he has to assume other data in carrying out the 
calculations, such as the net horse-power, the efficiency, the mean 
pressure, and approximately the speed, as “slow,” “high,” or 
“medium.” Now, having these points given or assumed, it would 
seem unnecessary to resort to logarithms or extract the seventh 
root of the cube, to ascertain the dimensions wanted. 

For instance, I recently had a similar problem presented, to 
proportion an engine for 250 net horse-power, the conditions being 
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high steam pressure and medium speed. I therefore made 
following assumptions, based on data and experience : 
1. Stroke = 1) diameters. 
2. Average pressure = 48 lbs. 
3. Efficiency = 80 per cent. to allow ample “ leeway.” 
4. Speed = 660 feet per minute, approximate, 
250 
then L.H.P. = = 300, 
35000 3800 
48 x 660 
which is practically 20 inches diameter. 
Stroke = 1} x 20 = 30 = 2} feet. 
660 
Rev. = —~ = 132. 


5) 


and 313 = area of piston, 


It will be seen that I arrived at practically the same sizes and 
proportions as the author—allowing for difference in data and 
assumptions—with only a fraction of the figures. 

Prof. Jay M. Whitham :—The paper presented by Prof. Thurs- 
ton is of great interest to the designer. Even if the formule 
deduced do not displace the well-known methods of design, they 
‘an profitably be employed to check the results. I notice that the 
values of ¢ (the ratio between the length of stroke of piston and 
diameter of the cylinder), as given in the paper, though covering 
all other types, do not apply to marine engines. The followi 
table * will illustrate this point : 


2 3 5 6 


| 
all 


per 


ibs 


Marine En- 


gine of Reference 


‘ter of Cyl- 
inders, ins. 
Effective 
e cylinder 


Steam, 


Mean 


large cylinder. 


No. of Cylinders. 
Gauge Pressure of 


Revolutions 


Horizontal, Simple, Condensing Engines. 
H.MS. Act- 
4130) 14.00 3.5 518 |0.4770/341 

De- 
vastation . 6637) 14.60 3.25 499 (0.4875 /337 
7364 15.53 4 5 1596 |0.4604 376 
5180! 15.26 3 489 .6 0.500.340) 
4020 17.50 2.5 | 500 0.4616 368 
7430) 15.79 1536 |0.4138.338| 
age........|$ 125 4330) 15.00 3.75 79 | 


Averages. .. 115.87 920! 30 | 


* This table is from a paper by the speaker published in No. 30 of Pro. of U.S. Naval Institute 
Columns 9, 10, 11, 12 and 14 have been added. 
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| 
7 
8 9 {10/11} 12 13 14 15 

30! 21.62 Ins 
| Pro., v. 26 
30 21.83 ‘R.U.S. Ins 
! Pro., v. 26. 
20 ' 23.88 |R.U.S. Ins 
Pro., Vv. 26 
30 2.43 |R.U.S. Ins 
Pro., Vv. 26 
30 | 20.45 

| Ships.’ 
30 | 21.63 |King’s**War 

Ships.” 
30 | 20.71 |R. U.S. Ins 


Marine En 


gine of 


viinders. 


No. of ¢ 


S.S. Hudson 


Knick 
erboc ker 


Averages .. 


H.M.S. Ca 
rvsfort 
H.M.S. Cleo 

patra 
H.M.S. Co- 


mus 


H.M.S, Tris 
H.M.S. Mi 
randa, 
H.M.S. Sat 

ellite. 
Mi 
antomoh 


Averages 


H.M.S. Con 
queror 
H.M.S.Cura 

coa 
H.M.S. Nor 
taampton 
Frenceh— Ad 
Duperré 


Russian— 


Russian 


Zabiaca...| 4 


S.S. Aber- 


deen,....../4 


S.S. Moor 


S.S. Parisian 


S.S. Sterling 


Castle 


Yacht- 


Wanderer. 2 


Averages... 


1470) 31.82 


15.30 5 
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Vertical, Simple, Conde 
1450' 9.62 6 7D AWN Edwards 
Marine 
Eng 
6.79 6 1. 5000) 462) Edwards 
Marine 
8.20 834 1.5000 454 1230/1193 Eng.” 


Horizontal, ¢ ompound, Conde nsing Enqines 


2300 18.70 2.75 107 SS 0.3646 420 


2611 23.40 2.50 107.9 ( .4689 39s 
2406 19.56 0.3640 378 
7714 2.91 07 5820. 4800 404 
1020 24.29 

1115 21.44 2.5 

164) 23.53 3, 


21.55 526 -4885 381.191 990 


Vertical, Compound, Condensing Engines 


1500 28.12 5 180 333 


241 22.79 524.5.0.4687 387 


6010 19.58 3,25 .5106 387 


7397 16.74: 340 


1050 17.56 304 


.6102 


2086 17.38 7714 357 Engineering 
v. 33 
$25), 19.23 ! 0.75 697.5 0.6667 408 Engineering 
v. 33. 
497 


Engineering 
8509 17.50 ! 5180 414 
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5513 3-9 195 1011 


This table is divided into four groups representing, respectively . 


horizontal and vertical, simple and compound marine engines 


It is noticed in column 9 that the value of ¢ ranges but slightly 


either way from 0.5. 
as to space allowed for the machinery of a steamer. 


This small value is due to the restrictions 
Even with 
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1 2 3 4 5 6 7 8 9 10; 11; 12 | 13 14 15 
= ~ = 5 
c/a b b xs. Referenc 
== - <<: a = 
zz 2m £ 28 ce _ 
60 20.06 R.U.S. Ins 
(2-36 4 Pro., v. 26 
60 21.11 RUS. Ins 
60 23.21) King’s**War 
44-41 | Ships.” 
8 14-75 65 24.75 King’s**War 
$1-38 4 Ships.” 
7 1-824 4 60 2.2) King'’s*War 
9 11-36 Ships.” 
11-62 | 19.67 RUS. Ins, 
(2-32 Pro... v. 26 
(248 4 SU 32.06 Inclineden 
26 24.84 King'sWar 
Ships.’ 
6 6 39.66 RUS. Ins 
(261 ) Pro., v. 26 
25.03 King’s**War 
o|4§1-54 Ships.” 
= «26.52 King’sWatr 
|) 55 rere... 
(1-70 \ 
2) 1-51 | 
01-80 
| { | 
(2-85 
3 §1-63 
11-50 417) 20.49 2.5 | 99 30.63 Engineering 
v.3 
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the most recent merchant vessels having vertical, inverted com- 
pound engines, ¢ is usually found to be much less than unity. I 
would recommend a value of 


— 0.5 
( 


for marine engines, as conforming to existing practice. The value 
of a, the constant in the formula 


is from column 10 of the table, from 300 to 497, so that the 
inaximum value of 500, as assumed by Dr. Thurston, is applicable 
to marine practice. Also, the value of J and b’ will apply. 

We have, from column 5 of the table, 15.37 I-H.P. developed in 
horizontal, simple marine engines for each cubie foot of piston 
displacement in the cylinder; 8.20 for simple, vertical engines ; 
21.55 for each cubic foot of space in the large cylinder of horizon- 
tal, compound engines, and 20.57 for vertical, compound marine 


engines. 
Let ¢/,/, ¢ and I.H.P. denote the same quantities as before, then 
(=) ] f li 1 f 1.H.P. d\s 
}= volume ot cylinder incu. ft, =- = =— x 
4\12/ kK 4° 


Where A’ = 15.37 for simple, horizontal marine engines, 


= 21.55 “ compound, horizontal marine engines. 


= 20.57 “ vertical 


Whence, reducing 


8, 

d = 6.71 { I.H.P., for simple, horizontal marine engines. 
oy. . 

d = 5.64 4/ 1.H.P., for simple, vertical marine engines. 


8, 
d = 5.93 4/ 1.H.P., for compound, horizontal marine engines. 


d=5.79 I.H.P., for compound, vertical marine engines. 


1 = 0.5d, for marine engines. 


These are offered only as check formule, as representing exist- 
ing marine practice. 
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CCLXXXYV. 


THE MECHANICAL SIGNIFICANCE OF VISCOSITY 
DETERMINATIONS OF LUBRICANTS. 


BY JAMES E. DENTON, HOBOKEN, N. J 


(Member of the Society.) 


DuninG the last ten years leading oil manufacturers and deal- 
ers have introduced the practice of determining a property of oils 
known as “viscos/ty,” as a measure of quality, not included in 
the determinations of “flashing point,” specific gravity, and 
“cold test.” which had previously been the only means of indenti- 
fication adopted. 

Instruments for determining this property have been termed 
“viscosimeters,’ and in the majority of instances have consisted 
of a simple reservoir out of which a certain volume of oil is per- 
mitted to flow through a small orifice, the time of such flow in 
seconds being the measure of viscosity. 

Fig. 103 represents such an instrument as arranged by Mr. G. M. 
Saybolt, who has systematized its use for the products of the 
Standard Oil Company so completely that determinations of vis- 
cosity made by him never vary a whole second with the same 
sample of oil. 

It consists of a bath of water, in which is held the vessel A, 
which is capable of containing four ounces of oil. The lower end of 
this vessel has an outlet O about ,', inch in diameter, so adjusted 
as to be as completely surrounded by the water bath as possible. 
A small piece of glass, B, is set into the lower part of A and the 
water bath is of glass, so that as the level of oil falls, it finally 
comes into view at 2, and the time of flow of the oil can be made 
to terminate at the instant when the oil reaches a line drawn 
across B. The vessel A is filled so that it just overflows at aa, 
and the temperature of the water bath adjusted by condensing 
steam therein. Simultaneously a stop watch is started, the stop- 
per at O is withdrawn and the time noted which allows the oil to 
drop to the mark as described. The interval in seconds, or vis- 
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cosity, of a number of oils on this instrument is given in column 
2 of the following table. 

A second instrument on the same general principle as that of 
Mr. Saybolt is that of Mr, Davidson, chemist to the Chicago and 
Northwestern R.R. Fig. 104 shows it to consist of an inner 
vessel A to contain the oil for test, and a surrounding chamber 
BBL, connecting with the auxiliary annular vessel CC. The in. 
ner vessel A is filled with oil to a certain level indicated in the 
gauge glass J), and a surplus of oil placed in the reservoir /, at 
the top of the instrument. The annular chambers BLP and CU 


aa ¢ holes 
eloriniat hesgal cf 


an vesse? 


| 


A plug tn orifice which ts withdrawn 


al the rnslant the experiment Commences 


Viscostineter 
Mr GD Jayholl 
Fia. 103. 


are then filled with any oil capable of being heated to 500° Fahr. 
and a lamp applied at /° 

As the latter heats the oil in the jackets, a circulation com- 
mences and a fairly uniform temperature is given to the oil in the 
inner chamber. The latter is then allowed to flow through the 
orifice O, and an equal flow is adjusted from the surplus in / 
into the vessel A,so that the level of the oil therein is unchanged, 
the inflowing oil being heated to the same temperature as that in 
A by the waste heat of the lamp. When steady action is ob- 
tained, the time for a given quantity to flow is determined with a 
stop watch. With this instrument Mr. Davidson has determined 
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the viscosity of a range of lubricants intended for steam cylinders 
up to 350° Fahr., being the first to make determinations above 
212°. 

Column 3 of Table I. shows the results of the use of this in- 
strument with the same oils to which Mr. Saybolt’s apparatus was 
applied. 

A third viscosimeter, shown in Fig. 105, is an entirely different 


Lavipsow's ViscosimE TER 


Use oy, Lh ARTMEUT OF Tests 
Stevens Lnstitute 


Fie, 104. 


and novel design. It consists of a cylindrical vessel A in a proper 
heating bath and fitted with a piston 2. This vessel being filled 
with oil, the piston is drawn up until the eye ¢ in its rod is above 
the level of the cross-wire. The bath being at the proper tem- 
perature, the piston is released and begins to sink. 

When the eye c passes the upper wire, time is noted with a stop 
watch, and the latter is stopped as the eye passes the lower wire. 
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This interval of time is taken as the measure of viscosity. Both 
the cylinder and the piston are of glass. 

The piston is about ; 4,5 inch less in diameter than the cylin- 
der. ‘he cylinder is made with all the accuracy of bore that the 
highest optical talent can afford. This apparatus is so sensitive 
in its action that the viscosity of illuminating oils can be dis- 
tinguished by its use. 

Its designer, Mr. G. H. Perkins, Supt. of the Atlantic Refinery, 
Philadelphia, is a profoundly acute student of the physics of sin. 

He has successfully applied the instrument to the determina- 
tion of the viscosity of all varieties of oils, and the writer is in- 
debted to him for painstaking codperation in the examination of 
the oils under notice. 

Column + of Table I. shows the results obtained with the 
Perkins Viscosimeter. 

TABLE Tf. 


SHOWING VISCOSITY OF OILS ON THREE DIFFERENT VISCOSIMETERS OPERATED 
WITH OILS aT 167 FAHR, 


VISCOSITY IN SECONDS. RATLO OF VISCOSITIES 


DESCRIPTION OF OILS. 
For For 


Col. 2. Col. 3. 


Col. 2. Col, 3. Col. 4. 


’ Heavy page oil, pure pe tro. 346 138 523 | 1.000 000 1.00 
Mixed oil 1102 Neatsfoot..... ‘ 0.71 
* Castor oil 210 71 35 ‘ 1 0. 0.67 
Pet roleum....| } 62 
130¢ Animal 
"Mixed (67¢ Heavy petro... 
42 
*"Sperm.... 35 | 81 
* Spindle oil paraffine DS | 31 53 


The relative values of the oils, though not identical for the 
different instruments, show a fairly satisfactory agreement and 
the discrepancies shown are not of importance for the following 
inquiry. 

The oils of Table I. being applied to lubricate the slide of an 
upright condensing engine, 44 ins. diameter, 36 ins. stroke, making 
about 80 revolutions with 70 pounds boiler pressure, with 90 
square inches of area in the crosshead shoes on the working side 
of the slide, gave results as per column 2 of Table IL., the slides 
being at a temperature of 167° Fahrenheit. 
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TABLE II. 


COMPARING RELATIVE AMOUNTS OF OIL USED PER MINUTE ON ENGINE SLIDES 


UNDER HEAVY PRESSURE WITH RELATIVE AVERAGE VISCOSIT ES OF TABLE I, 


Relative amounts of oil 
necessary to be supplied 
per minute lo prevent fram avernae 

DESCRIPTION OF OILS, wear of brass crosshead 

shoe from causing black = ' olumnes 5,6, and 7 in 

streaks to appear on Fable I 

slide, 


Reciprocals of relative 


‘Heavy cylinder oil, pure petroleum 1.0 1.0 
* Mixed oil Neatsfoot........ 1.6 1.61 
* Mixed oll (00% 1.00 
(4 Heavy evlinder oil... § 1.9 
Lard oil 4.5 4.00 
Light paraffine, spindie oil.. ) 


A study of Table IL. shows no uniform relation between the 
relative quantities of oil and the relative viscosity reciprocal, but it 
is very evident, nevertheless, that there is a sufliciently direct 
connection between these quantities to make the oils of greatest 
viscosity the most economical as regards the amount necessary 
to be supplied in order to maintain a minimum amount of wear ; 
for it is believed that the cireumstances of the experiment were 
such that the quantities of oil supplied to the slide corresponded 
to a constant thickness of layer of oil or a constant distance 
between the slide and the shoe. Reasons for this belief are as 
follows : The slides were at each side of the engine and of the rib 
form, 7.¢., the shoes of the crosshead on each side received the 
slide between them. The surfaces of the slides as they were un- 
covered by the shoes could therefore be closely observed and the 
thickness of oil tested by wiping the surface with the finger sufli- 
ciently well to detect considerable variations of such thickness. 
Now, as the supply of oil No. 1, Tables I. and IL, was reduced 
below the normal quantity in daily use, a portion of the slide on 
one side of the engine very soon became heavily streaked with 
black lather, while on the slide on the other side of the engine the 
oil remained clear. But on the latter side the fact of the presence 
of a reduced thickness of the layer of oil was very apparent by 
wiping with the fingers. The slide which blackened was therefore 
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examined with a microscope and found to contain a collection of 
brass specks where the black lather first showed itself, and the 
roughening which had occurred when this brass had imbedded 
itself was still slightly present, so that the distance between the 
shoe and slide at this spot was apparently less than at any spot 
in the slide which showed no black lather. It was therefore con- 
cluded that if the supply of oil to the brassy slide was adjusted 
with different oils so that the black lather was just commencing 
to appear, the distance apart of the shoe and slide would be the 
same with each oil. The figures in Table II. are therefore to be 
compared on this basis, with the exception of the spindle oil. 


Viscosimeter 
of CM.Perkins , of Philadel phia 
glunger fits cylinder ) 
te within 1000. inch 
Fia. 105. 


With this oil it was impossible to avoid a black lather with even 
sixty times the amount of No. 1 oil, and it is therefore thought 
that for this oil the pressure upon the slides was too great to per- 
mit the entrance of the fluid under the slide as fast as was neces- 
sary, and that the majority of the oil used flowed over the 
advancing edge of the crosshead shoe. The pressure per square 
inch of surface of the crosshead shoe was upward of one hundred 
and forty pounds per square inch, which is from two to three 
times that of the most severe modern engine practice, such as the 
locomotive and high-speed stationary type. The engine was per- 
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forming very severe service, being coupled direct to a steel rail 
mill turning out the heaviest line of rails. The load had been 
increased beyond that for which the engine was designed, and 
hence the abnormal pressure upon the crosshead shoes. Oil 
was supplied to the slide from a vessel placed over its upper 
extremity and delivering the oil into a cavity in the top of the 
slide, whence it trickled down the three faces of the latter rubbed 
by the crosshead. The oil was heated to the temperature of the 
crosshead, 167° Fahr., before leaving the vessel by conduction 
from the steam cylinder. The rate of feeding was determined by 
catching a minute’s supply in a bottle held under the stream of 
oil, and then weighing the contents of the bottle. 


GENERAL CONCLUSION. 


From the experiments with the engine slide described, it ap- 
pears that the possible saving in the oil consumption necessary 
for minimum wearing away of the rubbing surfaces, due to the dif- 
ference in viscosity, proves that the most economical lubricant is 
the oil of the greatest viscosity which will permit the oil to be fed, 
wherever the loss of power in friction is an element of inferior 
importance, as is the case in all heavy machinery. 


DISCUSSION. 


Mr. John F. Wileox.—The last instrument described in the paper, 
that of Mr. Perkins, can be made an exceedingly useful little in- 
strument in the tool room for any person who is in the habit of 
buying oil in any quantity, but in the shape in which Prof. Denton 
has it, it is necessary to observe accurately how long it takes for 
the piston to descend, requiring a stop-watch and close observation. 
But every man has, I think, the means of making a determination 
with regard to the relative viscosity of the oil. We have done it 
for some little while in somewhat the same manner that the Pro- 
fessor has. The instrument used by Mr. Perkins can readily be 
adapted by attaching a pencil to the upper end of the piston rod. 
Take the cylinder off an engine indicator, and attach it to the 
spindle of the minute hand of a Waterbury clock, and have the 
descent of the piston graphically described upon profile paper 
instead of having it tabulated. If there is such a thing as maxi- 
tum viscosity it would be described in a horizontal line; the 
ininimum or zero would be a vertical line. The passage of the 
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oil past the piston is approximately uniform, and consequently the 
line is straight and its angle with the horizontal would be a rela- 
tive index of its viscosity, which, by means of a protractor, could 
be expressed in degrees and minutes if so desired. 

A graphic demonstration carries an impression io most minds, 
and can be more easily retained by the memory than the series 
of tables which the Professor has obtained. When the oil agent 
comes in with his samples, he can be sent to the tool-room, and 
the keeper can, in a very few minutes, determine its angle of vis- 
cosity without a stop-watch, gauge or measure. 

Mr. John. T. Hawkins.—I regret that the author of this paper 
is not present, so that we could ask him some questions on this 
subject. I think, myself, that the quality described as viscosity, 
and in a lubricant particularly, as measured by its flowing through 
an orifice, does not necessarily establish a value as a lubricant, 
and that its quality as a lubricant could be tested by other means 
more completely. What I mean by that is, that its ability to flow 
at a given temperature through an orifice does not necessarily 
measure its value as a lubricant. There are other properties 
of oils which could be measured in other ways which this means 
of investigation by its flow through an orifice would not describe 
or determine in any way. 

Prof. Jas. Denton.—In reply * to Mr. Hawkins’ criticism, 
T would say: The general conclusion drawn at the close of my 
paper I believe to be thoroughly consistent with all knowledge 
thus far derived from any and all detinite methods of testing the 
lubricating values of lubricants. I should be glad to learn from 
Mr. Hawkins by what methods of testing the qualities of lubri- 
cants, such as are considered in the paper, he could invalidate 
its general conclusion, assuming the market prices of oils not to 
vary far from those now current. 


* Author’s closure under the rules. 
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CCLXXXVI. 


AN ELECTRIC SPEED RECORDER. 


BY GEO, H. 


BARRUS, BOSTON, MASS 


(Member of the Society.) 


In a paper read by Mr. W. R. Eckart, at the Philadelphia Meet- 
ing,* (April, 1882,) a description was given of an instrument for 
recording speed which was constructed on the principle of the 


chronograph. Recent experiments of the writer on the regulating 


instrument of similar character, and an apparatus was arranged for 


qualities of certain steam-engine governors required the use of an 


the purpose on the following plan: 

The apparatus consists essentially of an instrument similar to a 
Morse telegraph register, in which there are two recording pens, 
each worked independently by an electro-magnet. The record is 
made upon a paper ribbon which is moved by clockwork at a speed 
of about two and one-half feet per minute. The magnets are oper- 
ated by the alternate making and breaking of the electric circuits 
in which they are placed. In one case the circuit is made and 
broken by the oscillating movement of the escapement wheel of a 
clock, and this occurs 120 times per minute, or once in a half-see- 
ond. In the other it is done by the revolution of the engine shaft, 
which is arranged so that during half of the revolution the two ends 
of the circuit are in contact, while during the remaining half the 
circuit is broken. The records consist of two lines of short inden- 
tations or dashes, made in the paper ribbon, and these lines are 
parallel to each other and five-eighths of an inch apart. The time 
record is made up of dashes about one-eighth of an inch long and 
one-eighth of an inch apart, that is, about one-quarter of an inch 
from center to center. The dashes making up the speed record are 
about one-sixteenth of an inch long, and, in the case under con- 
sideration, about half as far apart as those of the time record. 
A sample of one of the records is reproduced in the following 
copy 


*Trans., A. 8. M. E., Vol. IIL, p. 184, No. LXVI. 
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REVOLUTIONS. 


TIME. 


The number of revolutions which take place during any desired 
period of time is determined by drawing perpendicular lines 
through the centers of those dashes which mark the beginning 
and end of the interval, and counting the number of speed 
dashes and fractions which lie between these lines. The record 
appears to be reliable to as small a fraction of revolution as one- 
tenth. 

This instrument operated satisfactorily at a speed of 300 revolu- 
tions per minute. Toshow the utility of such an instrument, the 
record of one test is appended, which was made to determine the 
rapidity with which the governor operated when the engine was 
first attaining its normal speed, starting from a state of rest, the 
throttle valve being wide open and the engine carrying simply a 
friction load. The first part of the record shows the indications 
made when the engine was working at normal speed. The throttle 
ralve was then closed for a time to allow the speed to become re- 
duced ; then it was opened wide and the governor allowed to take 
control. The record shows the number of revolutions made for in- 
tervals of two seconds during all this time: 


4.18.55 802.4 

19.05 845.9 | Av. 8.7 
15 889.4 Av. 8.7 Throttle shut at 4.19.15 
25 926.2 Av, 7.36 
27 | 932.2 6. 
29 | 937.7 5.5 
31 | 942.7 5. At 4.19.30 open throttle 
33 | 948.8 6.1 [ wide. 
35 956.2 7.4 
37 | 965. 8.8 | 
39 973.7 8.7 
41 982.5 8.8 
43 991.3 8.8 | 
45 1000. 8.7 
1008.6 8.6 
49 1017.3 8.7 
51 1026.1 8.8 
58 1034.6 8.5 
55 1043.4 8.8 
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SPEED RECORDER. 
DISCUSSION. 


Prof. John E. Sweet.—1 hope Mr. Barrus will be induced to 
apply his speed recorder to the various high-speed engines, so 
that we may know something more about the actual results than 
we get from the reports of the builders. We all claim that our 
governors govern with perfect accuracy, and some of us work very 
close. Mr. Barrus’ recorder will allow a variation of three turns 
in a minute, which would not sound very exact, but I fancy that 
with even that limit he would be able to detect the variation of 
any of the engines now built. The trouble is that the ordinary 
method of counting does not give any record at all worthy of con- 
sideration. It may give the same number of turns per minute 
when the engine is doing a good deal of work, as when it is doing 
but little work, while the speed may vary very largely during 
small intervals of time. With this instrument Mr. Barrus may 
be able to detect those changes. Prof. Anthony made a chrono- 
graph by which he could detect very much smaller errors than 
can be done by Mr. Barrus’ recording instrument, but he never 
applied it to but one engine, so far as I know. 

Mr. Barrvs.—I would say that if this instrument is in opera- 
tion a full minute, the error would be only one-tenth of a revolu- 
tion a full minute. 

Prof. Sweet.—I understood it one-tenth of a revolution in a 
half second. 

Mr. Barrus.—One-tenth of a revolution in a full minute, or 
any length of time the instrument was in operation. 

Prot. Sweet.—Suppose you wanted to determine the variation 
ina half second. That is really what we want to determine. 

Mr. Barrus.—It would not be accurate with so small a varia- 
tion as that. 
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CCLXXXVII. 
A SHORT WAY TO KEEP TIME AND COST. 


BY HENRY LEON BINSSE, NEWARK, N. J. 


(Member of the Society.) 
Ar several meetings, the attention of the Society has been called 
to some excellent systems for recording the costs of manufacture ; 
but the writer has been unable to use any one of these systems for 


his own work: while they are admirably adapted to large work- 
shops and for duplication, they take too much clerical labor for 
works engaged in the construction of a variety of single machines. 
As an example of this, the card system was very attractive ; but a 
brief trial quickly uncovered the fact that guood mechanics are 
often poor clerks, and the cards were turned in ill spelt, badly writ- 
ten and incomplete. To let the foreman fill out the cards would 


take too much of his time. The writer was satisfied that any 
records made by the men themselves were unreliable, because the 
hands did not like the task of thinking and writing ; and they gave 
but little attention to accuracy, in their hurry to get the cards filled 
out. Men will describe to a time-keeper what they will not take 
the trouble to write down ; and an expert time-keeper must often 
cross-question to extract the full and exact facts. 

The usual way to keep time is to enter the work of each man at 
the close of the day in a sort of day book, and this is rewritten, 
charging the work to the various contracts. This involves a great 
deal of copying, as each item is dealt with separately. The question 
of keeping cost being of the first importance, the writer hopes that 
the system which he has adopted may turn out to be as useful in 
the work of other engineers as he has found it to be for his own. 
This system was devised by Mr. Arthur J. Frith, C. E., now with 
the writer. 

In its essence, it consists in an analysis of the time, made by the 
time-keeper at the moment when he takes it fromthe men; so that 
the time book becomes a complete record of every man’s work, 
of the cost of the contracts, of the total number of men at work on 
each contract, and of the wages paid. In new work which is not 
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to be duplicated, the exact cost of each item is seldom required. 
You need the total cost of the work and that of its principal sub- 
divisions. Referring now to the plate, you will notice that for 
every man’s name on the left side of the sheet there are six hori- 
zontal lines, one line for each working day of the week. The 
kind of work, whether slotting, vise, drilling, or whatever it may be, 
is noted in the first square to the right of these names. Then 
come the contracts, Nos. 49, 47, 53, and so on, with their leading 
subheads, the various “ specials” being still farther to the right. 
The wages paid are shown at the extreme right. 

The time-keeper, on his rounds, decides once for all to which 
subdivision the work belongs, enters the time in its square, and 
there is no copying to be done. At the end of the week, the hours 
each man has spent on each subhead are summed up and their 
vaiue in money entered on a separate sheet, where the cost and 
weight of the raw materials are kept. 

Now, of course, this way admits of endless variation. By making 
the Remarks column wider, the time-keeper can note down exactly 
what part of the subdivision the man was working upon. Columns 
for raw materials could be added; and by ruling seven horizontal 
lines to each man, you could sum up the weekly cost. It is obvious 
that by a few changes the record may be made as complete as the 
circumstances require. If it be inconvenient to have the paper 
ruled, profile paper can be made to answer. 
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REMARKS. 


Tools, M.T. F. 
Expense Shop. 
Special. 
Special. 
Special. 
Feed and Driv. Mot. 
Bed. i 
“Table. 
| Cross Heads. 
Stanchions. 
~ | Driv. Motion. 


46 Ram, 


Tables. 


°° 
Attachment. 
+ Feed Motion. 
Carriage. 
Table. 
Bed. 
“Head. 
Apron. 
Carriage. 
47 Bed. 
Tailstik. 
Head. 
Attachment. 
49 | Bed. im 


| Head. 


53 


Smith 
Jones .. 


WEEK COMMENCING JANUARY 


M. |S 


382 
| 2 | 
| Fo | 
| 
| | 
| | | | 
| 
| | 
5 
; 
- > @ lab FBS 
: : : 
x 
| 
a 


A SHORT WAY TO KEEP TIME AND COST. 


$96 20 


Amount Forward 


Boiler repairs 
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Took, M. TF. 
Expense Shop. 


Svecial. | = 

Feed and Driv. Mot. | | 

50 Table. 

“Ram. | | | | 

46 “Tables. 7 | 

| Carriage. | 

“Head. | | 

| Apron. 

Attachme: nt. 

| 49 Bed. 

| Head. } | a | | 
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9.00 


$126.20 
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DISCUSSION. 
Prof. F. R. Hutton :—On the previous page is a form of time 
biank, which has been worked out and copyrighted by Mr. R. 
Schalkenback and has come to my notice recently. While intended 
primarily for printers’ use, yet it is also applicable to many manu- 
facturing types of shop. It explains itself so completely that no 
further presentation of it seems necessary. 


Mr. LS. Randolph.—The author of this paper does not describe 
very fully the character of this work upon which his time system 
is used ; but judging from the samples shown, I cannot help but 
think that his time system is better for getting the total time on 
each job than the card system. 

I am using at the present time a card system, which was sub- 
stituted for a system very much like the one described, and find 
it very satisfactory, as it enables me to obtain accurate detailed 
statements of the labor account. 

Below is the form of our time ticket, and appended hereto is 
M. P. Form 11-20,000-4 88. 

TIME TICKET—C. & P. R. R. CO. 


Name,... Rate, 
Order No. PIECE, WORK, of of 


Hours Pieces 


Fore man, 


Correct,.. 


a table of detailed cost of each operation. The lower figures in 
each square are hours, and the upper figures give cost. 

We have very little trouble with defective tickets, not over one 
or two per cent. giving us any trouble. All tickets go through 
the foreman’s hands, and are signed with his initials. This takes 
about fifteen minutes of his time, never more than twenty, and 
gives him an opportunity of noting carefully just how long each 
man takes for each operation. ‘The men take from ten to fifteen 
minutes per day for making out tickets. 


| 
. 
| 
a 
4 
AY 
4 
a 
q 


Sulpuog 


‘Surddyy 


FOR C. C. 


‘Sunny 


= 


‘Surddiyg 


Supoary 


1,105. 


NO. 


oO. 


‘sand 


8. 


sulpunoy 


DETAILS 


“po 


20 


Check Covers. . 


Boiler Shell . 


A SHORT WAY TO KEEP TIME AND COST. 387 
| | | | 
~ in | | 
~ 
~ | 
= 
+i? 
> ~ 
. > 
=x = 
aA» x 
b 
| 
~ ~ ~ 
| 
: 
| | 
| 
| 
| 
~ | 
— : - 
| 
| . . | 
| : 
| 
z 
= i 


| pues sjjog 


| | odig 


| 


sedig wuaig 


sss 


| 
| 


. 
| O81 } [9° | | &9 
| | ¢ | | | | | | & | 98 | | 


9 | | 9 | 6 OF | 9 | | 


A SHORT WAY TO KEEP TIME AND COST. 


| 
86 | | 46° | SL 6E 9 | 
| | | Or | } 9 4919 
| | OO é } | | | £6° 
| | | | | G | | bd 
| oy | 
s | = = es = 3, =. } oe os =. = = & 
| 23 = = | & Ss | = | = 3 
9°00 UOd ‘0 STIVLAG 
~ 


| | | 
> 
~ = 
x 
~ 
~ Os 
' 
| 
| 
> 
> | 
| 
| 
| 
| 


A SHORT WAY TO KEEP TIME AND COST. 389 


Mr. H. L, Binsse—In answer to Mr. Randolph,* I would say 
that the system has been used in a shop building a variety of 
machines. It would seem that Mr. Randolph’s system is used 
for duplicate work. It is evident that his cost sheet has taken 
considerable labor, but in a shop engaged constantly in new work 
this clerical labor would be multiplied, and reach an amount not 
justified by its value. Most work-shops need the total cost of 
each machine and its principal sub-division. The system used 
by me gives this with so little labor, that the cost of each job can 
be summed up at the end of the week in an hour’s time without 
copying a single figure. For duplicate work the system would 
need change to adapt it to each shop ; and, as the system is very 
elastic, it can be made to serve for that as well as for the other. 
The great advantage which it possesses over all other methods 
familiar to the writer is that it gives a complete view of the day’s 
work, the number of men engaged on each job, what they were 
doing, as well as their rate of wages ; and all this without copying 
a word, It is no exaggeration to say that, in my own case, I have 
obtained a more comprehensive view of my work than I ever had 
before, with one-tenth the labor. 


* Author’s closure under the rules. 


“ 


ESTIMATING THE C)ST OF FOUNDRY WORK. 


CCLXXXVIIL. 
ESTIMATING THE COST OF FOUNDRY WORK. 


BY GEO. L. FOWLER, NEW YORK CITY. 


(Member of the Society.) 


To make a correct estimate of the actual cost of castings, as they 
leave the foundry, is, perhaps, one of the most difficult of the duties 
which devolve upon the engineer in charge of any manufacturing es- 
tablishment. There are so many little insinuating expenses, which 
can only be determined with the utmost difficulty, and which vary 
so constantly, that many inanagers give up the task as a hopeless one, 
make a rough guess, and establish an error at the very basis of all 
their calculations. It is an easy matter to open an account with 
the foundry, and after six months or a year to foot up the ex- 
penses for wages, iron, fuel, rent, moulding material, and all of the 
thousand and one little incidentals which will come up, divide the 
total by the output in castings in pounds, and say that the latter 
have cost two, or two and a half, or three cents per pound, as the 
case may be. Dut this is of very little account. Suppose that we 
attempt to sell all castings at a constant price, and make a fair 
profit above the average cost. The inevitable result will be that 
we are overcharging one class of customers and losing money with 
others. One piece of work may be worth twice or even ten times 
as much per ton as its neighbor, and yet no system of general 
averaging will point it out. The only way, then, is to make a de- 
tailed estimate of each heat, and ascertain what has been the cost of 
each individual casting produced. 

It will be attempted in this paper to show, briefly, the outline of 
a plan which the writer has used most successfully in his own prac- 
tice. 

The first point to determine, before developing any system of 
estimating, is the basis to be employed about which all of the ex- 
penses shall cluster. If we take the weight, we are reduced to tlic 
old method of averaging all expenses at a certain rate per pound. 
It is evident, therefore, that the expense of moulding is the basis 
upon which all estimates and calculations should be founded. 
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coupled with a careful consideration of weights, and the cost of 
iron and fuel. 

For the sake of convenience, we may divide our expenditures 
under the heads of the cost of iron, wages to noulders, and mould- 
ing materials, as sand, blacking, coal dust, ete., the loss of iron 
consequent on melting, the expense of superintendence and repairs, 
cost of cleaning, helpers, office and other current expenses, and 
pattern-making. The first step is to arrange the outlay under these 
various heads, and determine in what relationship they stand one 
to another. It is evident that the price of a piece of work which 
costs $2 per ton in moulders’ wages exerts a very different effect 
on the average cost of the output from one costing $10, so 
that great care should be exercised in determining just what the 
actual expense of moulding each individual piece may be; for, as 
we have already said, this is the principal factor in all of our caleu- 
lations. These figures should be obtainable from the books of any 
well-regulated establishment; but they are not yet arranged so 
that they can be used for the direct purposes of an estimate, since 
there should be a rearrangement and modification of those items 
which can in any way exert an influence upon the cost of any 
special articles which may be under consideration ; whether they are 
dependent upon its weight or are in direct connection with the ex- 
pense of moulding it. A heavy casting may require little time or 
expense in moulding it, and a light one a great deal; therefore 
those items which are particularly connected with the weight must 
be separated from those which relate to wages. We then formulate 
trom the table which has been already prepared an auxiliary account, 
comprising : the cost of melting; a certain percentage which rises 
and falls with the expense of moulding, and is independent of 
weight ; a business factor, including maintenance of buildings, sal- 
aries, interest, etc. This latter is practically constant, though its 


ratio does rise and fall inversely with the increase and decrease of 


business. All of the expenses of the establishment are gathered 
around these two heads, namely: weight and moulders’ wages. 
We see now that the expenses of melting, including the cost of the 
iron and fuel, the service of the cupola, the clearing up of the drop, 
and the cleaning of the castings, are items directly connected with 
the weight, and that they are apt to vary, per pound, inversely with 
the total weight of castings produced, because the labor of prepar- 
ing and serving the cupola and the fuel used in making the bed is 
constant, leaving only the total of the remaining tolerably constant 
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ratio of the several charges to bear the whole expense. Under the 
domain of the moulders’ wages we bring all of the other expenses 
of the establishment. It may be true that there are some expenses 
which do not stand in a direct, actual constant ratio to the wages paid 
to the moulders, but the variation from this ratio is so slight that no 
error will be introduced into our reckoning if we assume this con- 
stancy to be perfect. Thus we group about this item the wages 
paid the helpers, salaries to clerks, expenses for superintendence, 
moulding material, ete. This latter may appear to be misplaced at 
first sight, but careful observation has convinced the writer that the 
ratio is nearly constant. For those heavy and cheaply-made moulds, 
where the weight runs up into the thousands, take no more dressing, 
in the way of blackening, facings, etc., than the smaller and more 


elaborate moulds which require many more times the amount of 


labor per hundred pounds than the heavier ones. 

This is the general plan, and we will now givea brief elaboration 
of the details, which will consist of obtaining the cost of the iron 
and the ratios existing between the moulders’ wages and the fol- 
lowing items of expense, namely: moulding materials, expense of 
superintendence, business expenses, depreciation of property, wages 
of helpers, and pattern-making. 

We have now grouped all of the expenses of the establishment 
about the two chief heads, moulders’ wages and the weight, to 
which they bear a certain ratio, and proceed to determine the 
amounts and proportiuns of the various minor items, 

First taking the expense of melting, we tabulate a schedule which 
will show the amount of wood used in starting the fire and heating 
the ladles, the coke and coal required in making the bed, the fire- 
brick and clay, expense for banking, rounding up, and charging. 
These expenses are, or ought to be, nearly constant for each heat, as 
all of the items mentioned are required in the same amount, 
whether the heats be heavy or light. Add then the cost of the 
iron and fuel used, and the expense of melting for a given heat is 
obtained. It will be readily understood that, given the expense of 
preparation and the amount of iron melted, with the ratio of the 
fuel used in the charging, the whole melting expense per ton of 
castings is ascertained in a few moments. 

To determine the ratio of the moulding materials to the wages 
of the moulders requires some time—monthis in fact, at first; but 
when once obtained can easily be kept accurately by occasional refer- 
ence to the books. It is best, when starting out to use this for- 
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mula, to refer to the books and take the ratio existing between the 
amounts paid for facings, riddles, ete., and the moulders’ wages for 
two, three or more years, and adjust it from time to time by refer- 
ence to current expenditures. This is, in fact, the only way prac- 
ticable with any degree of convenience, for it would be a work of 
too great detail to weigh out all the articles actually consumed, and 
estimate the wear and depreciation on the tools for each heat. The 
ratio of the waste of iron to the total amount melted can only be 
determined by experience, and no absolute rule can be giver for it, 
as the percentage varies with every cupola, and even with the kind 
of fuel and iron used ; but when once determined, it will be found 
to remain tolerably constant, and may be verified by dividing the 
weight of castings, scrap, sprues and shot for each heat by the total 
weight of iron melted, and subtracting the quotient froin one. 

We have now to deal with. the most obscure of all of our items 
of expense. It is that incurred by interest on borrowed capital, 
salaries of superintendent and clerks, office expenses, taxes, insur- 
ance, and, with the rest, that bugbear of all estimates—depreciation 
of property. The total of all of the items but the last, is very 
easily obtained, while the last must be carefully estimated with due 
consideration for all of the surroundings. When this is done, it is 
best to make a studied review of the business for several years, 
Jearn what has becn done, what was the average of the pay-roll for 
brisk times, dull times, and when only a fair or medium business 
was being done. Take these three items and compare them with 
the present status, and the probable total pay-roll for the coming 
year: this will give a ratio or percentage to be added to each and 
every dollar paid to the moulders, and should be of course incorpo- 
rated in the expense of casting. To be sure to establish this ratio 
and make it exact is a work which should be thoroughly done, but 
when once accomplished, it should be in such shape that a simple 
reference to our pay-roll, which will show whether we are doing a 
brisk, medium or a dull business, will determine which coefticient 
should be used for the month. Thus far the assumption has been 
that the office expenses for the foundry are distinct ; but where, as 
is almost universally the case, the foundry is connected with a 
blacksmith and machine shop, with possibly other departments 
care should be taken to assign to the foundry only that portion of, 
the general expenses which belongs to it. 

Finally we have to assign to its proper place an expense which the 
foundry must pay for, and which is usually treated as a separate 
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department. I refer to the expenses of the pattern shop. Where 
a shop is doing special work, this expense may consist of the re- 
pairs and construction of patterns for the various machines that are 
built, and the labor and material therefor may be directly charged 
without burdening the foundry with them. But in most cases, 
especially in small works, where general work prevails, where pat- 
terns are altered and made to serve a variety of purposes, this with 
the expense of flask repairs must be put upon the foundry. 
Again, perhaps at the same time with this general work, there may 
be a class of foundry work where the moulding is done by machine 
and no expense is required for pattern repairs, and none should be 
charged to it. The ratio of pattern repairs to moulders’ wages is 
then really easily determined, but it should be remembered that 
the foundry is to pay for no new patterns, but simply the depre- 
ciation on the same. 

Having now tabulated our formula and established our ratios, it 
only remains to make the practical application thereof. To do 
this, the time-keeper should each day take the time of each moulder, 
and the work upon which he has been engaged. This gives the 
basis to start upon. Add together the various ratios already de- 
termined, multiply by the wages paid, to this add the wages and 
the cost of the iron in the casting, and the cost of that casting is 
known. For example, suppose that forty cents is paid for mould- 
ing a grate bar weighing 100 lbs. ; that the sum of the several ratios 
is 1.2, and that the cost of iron and fuel has been one cent per 
pound of castings ; then : 


Sum of all ratios multiplied by the moulders’ wages......... 48 


It must be remembered by those who are disposed to criticise the 
method here enunciated, that there has been no space within the 
limits of this paper for any elaboration of detail. It is due both to 
myself and the originator of the plan, Herr A. Messerschmidt, of 
Essen, Germany, to say that he has used it in his own practice for 
seventeen years, and that, though my own experience with it has 
been for a shorter time, I can say that it has more than come up to 
my expectations for accuracy and the ease with which it can be 
used. By adhering to its principles, several unsuspected leaks have 
been discovered and stopped, and it has been possible to adjust 
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prices more in accordance with the real value of the article sold 
than was possible before the plan was employed. To those who 
may object to its elaborateness, I can say that an hour to an hour 
and a half suffices to work out the details of a heat of from five to 
seven tons, and determine the cost to the manufacturer of each in- 
dividual casting produced, and this when the output is composed of 
miscellaneous job castings ; and that, when the heat is entirely on 
line work, the estimate can be made in from fifteen to twenty 
minutes. 


Discussion. 


Mr. W. W. Dingee.—As a contribution to the subject of cost of 
foundry work, I would say that for several years I was employed 
as superintendent of a manufacturing establishment where the 
sasting accounts were kept under headings, as per the accom- 
panying table, which represents four days’ work, and showed that 
the cost of casting per pound varied from day to day in this 
establishment. The work consisted of bench and floor moulding, 
the heaviest piece of the latter weighing 500 pounds. 

At the end of each year the foundry was charged with its pro- 
portion of power, superintendence, office expenses, interest on 
investment, depreciation of plant, ete. 

The cost included cleaning and grindstone work on castings, 
and putting in bins ready for the machine shop : 


Iron Casting Return Shrink-) Coke Costof Cost of Cost of Total 
Netted.| made. | Scrap.| age. | used. | Iron, Coke. | Labor, | 


4 
Lbs. | Lbs. Lbs. Lbs. ims. | § ~ $ $ $ $ 1 


10682 3120 246 


127.47 10.39 147.55 


18.80 02,846 


11150 | 3693 146.50 | 19.62 304.91 02,734 q 


2312 


128.07 | 10.72 


11053 2278 


3327 


130.71 10.54 145.2 


19.45 02,769 


11170 


3648 


2312 126.24 


10.72 19.65 02,704 


the presentation of such a paper before the Society. Foundrymen, 
asa rule, are certainly working much in the dark as to what it costs ' 
per pound to manufacture castings. The trade is about as badly 
off for intelligence in the office as on the floor. There must be 
intelligent figuring as well as moulding to make the business profit- 
able. I could step into almost any machinery foundry and point i 
out work which is costing from one cent to ten cents per pound 


more to make it than is being allowed or paid for it. Machine 
26 
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Mr. Thos. D., West.—It affords me much gratification to note 
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shops do not work this way, and why should a foundry? They 
figure to make a little, or at least come out even on every job. The 
present plan with foundrymen of bidding by bulk or without classi- 
fication is ruining the business. Mr. Fowler's able paper could 
well be put in the hands of most of the foundrymen, if for no other 
reason than to get them to suspect the advisability of being 
informed how to bid on work intelligently. 

Mr. J. T. Hawkins.—I find on the second page that Mr. Fow- 
ler winds up the items among which the expenditure should be 
divided with “ pattern making.” I do not think it would be 
advisable to include that in the cost of the casting. We make 
many castings but once from a pattern, while other patterns we 
use eight or ten years in succession, making castings, perhaps, 
every day from them. It would therefore be very hard to deter- 
mine what rate the value of the pattern should bear to any cast- 
ing made from it. 

Prof. J. E. Sweet—Mr. Fowler ends up by saying that he 
only counts keeping the patterns in repair, which is a part of the 
foundry work. 

Mr. Hawkins.—The paper names “ pattern making.” That is 
what I object to. 

The President—In the establishment of Cramp & Sons they 
have no foundry, but make all their patterns, employing something 
like sixty pattern makers. 

Mr, Fowler.*—The system of foundry accounts presented by 
Mr. Dingee, while it is undoubtedly better than none, is precisely 
that to which IT object. It gives the average cost of the total out- 
put, without specifying the cost of any individual piece of work. 
This may be all very well for shops doing line work, for which 
one standard price must be charged, but is useless for the job 
shop whose castings include every conceivable thing that can be 
made out of iron. The only way in which accurate and just prices 
can be given is to know the cost of each article produced, and only 
that system is a perfect one which will give this information. 

The pattern making, which I include as one of the items of 
foundry expense, will be found by examination of the paper to 
include only pattern repairs, and it is distinctly stated on Page 5 
that “the foundry is to pay for no new patterns.” The patterns 
are usually inventoried with the other property, and should not 
be added to the cost of the castings. 


* Author's closure under the rules. 
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In my own experience the operation of the system was about 
like this : When we were estimating on a piece of work which would 
cost us four or five cents per pound to make, our price was neces- 
sarily such that we almost invariably lost the job ; it went to our 
competitors, who took it at a figure at which we would have lost 
money. Then, when we found our price dropping down to one 
and a half or two cents per pound, we made a price yielding us 
a good profit, yet so far below our competitors as to make them 
think that we were wild, and we secured the paying contracts, 
Our reputation for unaccountable jumps in prices was a little 
disagreeable, but we knew what we were doing ; the foundry was 
a paying institution and we did not find ourselves saddled with 
losing contracts of which the machine shop would have to stand 
the brunt. In short, the system worked, and we made money by 
its use. 
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A PERSISTENT FORM OF GEAR TOOTH. 


BY J. BURKITT, WEBB, HOBOKEN, N. J. 


(Member of the Society.) 


IN discussing the subject of Friction in Toothed Gearing at tlie 
last meeting of this Society,* I proposed the following problem : 
“ Required to find a form of tooth which will preserve its shape in 
spite of wear, i.e., to find a persistent form of tooth, if such there 
be, the number of pairs of teeth in action at once being the same 
for the whole of the ares of contact.” 

The discussion of a problem so general in its form as this is 
requires a correspondingly general treatment, and therefore the 
method by which the wear was calculated for involute teeth (see 
the discussion, Fig. 90, and accompanying analysis) is not adapted 
to the purpose of such an inquiry, being applicable to involute 
teeth only. The object of this paper will therefore be to de- 
velop a formula for the wear of teeth, applicable to all possible 
forms of the same, and the equations of condition for a persistent 
form of tooth. he limits assigned will, however, preclude a dis- 
cussion of the equations, and, therefore, a complete solution of the 
problem ; we shall, however, show that the equations produced 
will apply to both involute and cycloidal teeth. 

In Fig. 106 let A be the radius of the driver and P that of the 
driven wheel; these radii should properly be supposed measured 
from C to 0’ and C to O” respectively, and not from the centres 
toward the circumferences, and we have chosen an internal gear 
for the driver, so that both radii may be plus. Let C be the 
point of contact of the pitch circles and c that of the tooth surfaces 
of which cais a differential element of the driving t»oth and c) an 
element of the driven tooth. Let C’, C” and C’” be correspond- 
ing points on A, / and their tangent through C such that when 

the tooth elements ca and ch have slidden over each other so as to 
bring a and é together, these points will arrive at C and become 
coincident. 


*Trans, A. S. M. E., Vol. IX., p. 206, No. CCLXXIIL. 
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The necessary and sufficient condition for two elements of tooth 
surfaces that shall work together and maintain the constant 
velocity ratio A + 2 is that the common normal to the surfaces 
at their pcint of contact, c, shall pass through the contact point of 
the pitch circles, C. This normal, A = cC, consists of two coinci- 
dent normals, one on the driver and one on the driven wheel; the 
consecutive normal to the former is aC’ and to the latter C’, and 
these will become coincident when @ and / come in contact. 

To obtain expressions for the lengths we and /c of the elements 
corresponding to the element 7 of the tangent, we will suppose the 


two coincident As to move first into the parallel position dC’, 
with the necessary increase of length dA = cos @dt, thus deserib- 
ing the paths cd = sin 4 dt on both wheels; second we will suppose 
Ato revolve through the angle @@ and to describe, therefore, the 
duplicate paths de = A d@; finally we will suppose the tangent ele- 
ment d¢ to be bent up to fit the circumferences so as to bring the 
\’s into their final positions and thus complete the generation of 
the two tooth-elements. When the tangent element is bent to fit 
the driver, one A will be carried from the position eC’” to its final 
position aC’, and when the element is bent to fit the driven wheel 
that A will be carried from eC’ to bC", the respective angles 
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through which the As will be revolved by the bending being da = 
dt + A,and = dt + B. 
We have then foi the lengths of the tooth-elements, 


ca = cd + de ~ ea = sin Odt + A dé —X da, 
ch = ed + de — eb = sin 6 dt + Add — Adf#, 


and for the sliding between the same 


ca — ch = A(dp — da) 


If Qis the pressure along the tangent which would exist between 
two tooth surfaces at C at right angles to the tangent, then the 
pressure at will be 


P= (Q cos 

The normal depth of wear being proportional to the sliding mul- 
tiplied by the pressure and inversely proportional to the surface 
over which the wear is distributed, we shall have 

p—da) 
cos# sin# dt + A d#A — da 


Q _A@h—da) 
dt +Adé—Adp 


dn’ = m/ 
dn” = m" 


where the normal wear is represented by dn and where m’ and 
m" are constants depending on the ability of the material to resist 
wear ; if this is the same for both wheel& m” = mm’. 

If the form of the tooth is not to be changed by the wear, then 
the wear at any point, measured not in the normal direction but 
perpendicular to the radius of the wheel through the point, must 
be proportional to the length of the radius out to the point. Such 

w r will result simply in slightly rotating the face of the tooth 
about the center of the wheel, and will require that the normal 
wear shall be proportional to the perpendicular from the center 
upon the normal ; this gives 


dn': A cos 6 and 
dn’: B cos or 


dn’ 


: = constant 
cos 


' 
| 
4 
4 
i 
a 
| 


A PERSISTENT FORM OF GEAR TOOTH. 


dn" 
= constant. 
cos 4 


We may now write the complete equations expressing the rela- 
tions necessary for the wear which will not change the form of the 
teeth : 

dn’ — da) 

cosé sinfdt + Ad#—Ada 

dn” 


A(df — da) 
cost 0 sin di + A dé—A dp 


Constant = 


To put these expressions in a simpler form, we eliminate dw, df 
and dé by means of the values already given for da,df and dA, at 
the same time putting for brevity y = sin 4 and including all the 
constant quantities, (, m’, ete., under the two quantities, 4/ and 
M’. We thus get 


1 1 
yw 
A* dad A 
1 1 1 
ad B 


Clearing of fractions these become 


dy 
dy Ly 

dri 


which are respectively the equations of condition for a persistent 
Jorm of tooth on the wheels A and &. If such a relation between 
A and @ is practicable, then that form of tooth will be a persistent 
form; but, having reached the limit proposed for the present paper, 
we shall conclude it by showing, as a check on these equations, 
how they cover both epicycloidal and involute forms, and reserve i 
further discussion of them for the future. i 
For epicycloidal teeth on A, 


A = 2dy and 
di = 2A dy, 
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so that y+ A and dy +d) are both constants and the equation 
of condition for A reduces to 


Constant = 


which is impossible because y is a variable. For large wheels, 
however, 1— 7’ will vary very little, so that this form of tooth nearly 
satisties the equation. 

For involute teeth on A the angle 4 and, consequently, y are con- 
stant and dy = 0, which reduces the equation of condition to 


Constant 


71 = constant, 


which is impossible because A varies, and as A varies considerably, 
this form of tooth is far from satisfying the equation of condition 
as shown in the discussion at the last meeting. 
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CCXC, 
A PLEA FOR THE PRINTING PRESS IN MECHANICAL- 
ENGINEERING SCHOOLS. 


BY JOHN T. HAWKINS, TAUNTON, MASS. 


(Member of the Society.) 


Corevat and contemporary with the steam engine, the printing 
press made its advent and has been developed; and the world is 
to-day indebted to the latter, for the progress made during this cen- 
tury, if not in an equal degree with, at least second only to, the 
former. The steam engine and the printing press have long been 
held up as the two great civilizers, as the two fields of human 
effort, to the cultivation of which the extraordinary progress made 
in human affairs in the nineteenth century is principally due. 
With these, the plow, the loom, the cotton gin, ete., have been 
each, in a lesser degree, compared; and in later years electricity, 
in its manifold applications, has come to exceed in importance any 
of the results of man’s ingenuity, except, possibly, the first two. It 
will probably be nothing to the disparagement of electricity to 
place it third in the catalogue of the most important factors in 
human progress, with the possible potency and promise that in the 
near future it may attain to the front rank. 


In the mechanical-engineering courses of our technical schools, 
the steam engine, while to some extent a specialty, is made 
a somewhat broad and general field of mechanical study, and is 
very properly given great prominence; and involving, as it does, 
the application of the important study of thermodynamics, it is 
doubtful if electricity and its application can ever equal it in im- 
portance. In later years, with the extraordinary advancement made 
in the latter science, it has received more marked attention and a 
more prominent place in the curriculum of the mechanical engineer, H 
as its importance deserves, as well as coming to the higher level of . 
constituting a general course of study and furnishing a separate de- 
gree for the mechanical engineer. Of course, among the vast variety 
of special fields of mechanical study, it is not to be expected that, 
in the college course, any particular attention can be given to more 
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than a very few of the most prominent subjects ; and we very prop- 
erly find among them the steam engine and other motors, electri- 
city and its appliances, and such as hoisting and pumping machin- 
ery, textile machinery, machinery of transmission, etc., a special 
study of which constitutes more or less a part of the curriculum. 
But in no single instance can the writer find any indication, in 
printed courses of study or by any other means, that the printing 
machine, with all its prominence in the mechanical world and its 
importance as a principal factor in the progress of civilization, has 
ever received any greater attention in our schools than is involved 
in the study of fundamental and general mechanical and engineer- 
ing subjects applicable to it; and perhaps most astonishing, he fails 
to find the printing press once mentioned in the registers, or cata- 
logues, of the four of our best technical schools, in connection with 
the study of mechanical engineering, which he has had the oppor- 
tunity to consult. 

Taking the registers, or catalogues, of these four schools, the 
writer finds the following special studies named and conditions 
affecting this subject : 

First—Stevens or TECHNOLOGY. 

Among text-books of special subjects, we find: * Barr on Boil- 
ers,” on the Indicator.” 

In the course of instruction: third year, first term—construction 
of valve gears and link motions; second term—mechanism of en- 
gine, boilers, steam indicators, foundations, boilers; third term— 
machine design, boilers, hydraulics; fourth year, second term— 
steam engines, hydraulic motors, including the turbine. 

Among books of reference are : “ Proportions of Steam Engines,” 
“ Work-shop Appliances,” “Steam Boilers,’ “ Steam Engines,” 
“ Lowell Hydraulic Experiments,” “ Manual of Marine Engineer- 
ing,” “Manual for Railroad Engineers,” “The Windmill,” ete. 

The inspection tour of Class of ’87 includes the following: Iron 
and zine works, machine-tool works, locomotive works, shipyards, 
automatic screw machinery, manufacture of repeating rifles, heat- 
ing and ventilation, turbine wheels, paper mills, inspirator manu- 
facture, pumping engines, sewing machines, city water supplies, 
cotton mills, ete. And,as though printing-press works contained 
some deadly miasma, which could not be safely approached, the 
Jatest attempt at setting type by machinery was ventured upon as 
being as near as was advisable to get to it; but with this exception, 
printing or printing machinery is not even suggested. 
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Out of two hundred and forty-two alumni, the subjects of whose 
theses and present occupation are in nearly all cases given, not a 
single thesis has the remotest connection with printing machinery, 
while but one is now engaged therewith, and this gentleman’s 
graduating thesis was upon the subject of * Petroleum []lumination.” 

Second—MASssacHUSErTS INSTITUTE OF TECHNOLOGY. 

Special studies mentioned in the courses: second year, second 
term—imechanism of shop machinery ; third year, first term—slide 
valve, link motion ; third year, second term—steam engineering ; 
fourth year, first term—hydraulics, engine-lathe work ; options— 
marine engineering, locomotive construction, mill engineering ; 
fourth year, second term—hydraulic engineering ; options—marine 
engineering, locomotive construction, mill engineering. 

Under “ Methods and Apparatus of Instruction,” we find, during 
the last school year, a series of lectures on the following subjects : 
The Indicator, The Locomotive, Shop Management, Naval Archi- 
tecture, and Cylinder Condensation, 

In the laboratory of mechanical engineering, we find three steam 
engines, five boilers, a steam pump, a turbine wheel ; cotton ma- 
chinery, consisting of a card, drawing frame, speeder, fly frame, 
ring frame, mule, and a number of looms; apparatus for testin 
jectors, ete. 

Among graduates from this institute from 1868 to 1887 inclusive, 
there are chief and assistant engineers of railroads, chief engineers 
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of water works, builders and superintendents and chief draughtsmen 
of steam-pump works, superintendents of iron and steel works, 
cotton mills, tool works, sugar refineries, wire works, slate works, 
railroad-car works, ice-nachine manufactories, paper mills, petro- 
leum refineries, scale works, steam-gauge and valve companies, 
vacuum-brake works, marble works, thread and twine companies, 
wall-paper manufactories, nail works, wood-working machinery, 
ete.; while not a single one in any way connected with the “art 
preservative of arts’’ or the construction of machinery for it. 

Under the titles of tifty-eight theses of successful candidates for 
degree of bachelor of science, for 1887, not a single one has the re- 
motest connection with the printing machine, 

Third—CornevL UNIVERSITY : 

Page 78: “The closing work of the course consists of the study 
by text-book and lecture, of the theory of the steam engine, and 
other motors.” 

Of graduate courses (page 81), we find: “ Electrical Engineer- 
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ing, Marine Engineering, Mining Engineering, Steam Engineer- 
ing.” And among nine strictly mechanical-engineering theses of 
distinguished excellence, for 1887, not a single one has the slightest 
hint of the printing press. 

Page 106: “ Steam engines and other motors, thermodynamics 
and the theory of the steam and other heating engines, structure 
and operation of engines, steam generators, etc.” 

Page 118: “Senior year: Steam engine and other motors, for 
both fall and winter terms.” 

Fourth—Lensten University : 

Page 58: “During the course there are frequent visits of in- 
spection to engineering works, both in and out of town, with spe- 
cial reference to such subjects as machine elements, prime movers, 
machinery for lifting, handling, and transporting, and machinery 
for changing the size and form of materials.” 

Page 61: First term—boilers—strength, construction, and wear 
and tear of boilers. 

Page 62: Second term—machinery of transmission, senior class, 
first term—link and valve motions, quick return motions, parallel 
motions, hoisting machinery, accumulators, cranes and locomotives ; 
second term—pumps, pumping engines, blowing engines, com- 
pressors and fans, machine design, calculating and working draw- 
ings for the following machines: drilling, shaping, milling, shear- 
ing and punching machines, hoisters, pumps, and stone-breakers. 

Among seventeen theses by the graduating class of ’87, of a 
strictly mechanical-engineering character, but one bears the least 
relationship to printing machinery, and that exceedingly remote, 
viz., design of machine for binding books. 

Among the list of graduates as mechanical engineers from 1869 
to 1887, ranging among special professions similar to those men- 
tioned for the Massachusetts Institute of Technology, there is not 
asingle merition of one in any way connected with printing 
machinery. 

The printing machine of to-day certainly deserves a higher place 
in our schools, as a specialty in applied mechanics, than is indi- 
cated by the foregoing ; and it may reasonably be assumed that such 
a total absence of anything like attention to this branch of the 
mechanic arts in the school courses accounts for the rather astonish- 
ing fact that, in the long list of graduates from the four schools 
mentioned, but one appears as having entered this field, even in the 
remotest connection. 
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The writer has recently been in receipt of a very commendable 
circular from one of the colleges named above, inviting machine 
manufacturers to find places for young graduates, as a means of 
starting them in their particular line ; and he will say that if any 
of the eighty-eight graduates of this school were as well fitted to 
make a beginning at the manufacturing of printing machinery as 
the records and printed courses of the schools show them to be in 
other special branches—some of them of vastly less importance—it 
would be much easier for him to comply than it now is. 

Now, while the writer would not counsel the abandonment of 
any of the above-quoted specialties of mechanical engineering to 
give place to the printing machine, it would seem, in view of the 
acknowledged comparative importance of the latter, that it should 
havea place among them, even at the expense of a portion of the 
time devoted to some of them, and possibly (bearing in mind that, 
in the time allowed, the total quantity of this kind of study must 
necessarily be limited) to the exclusion of some of the least impor- 
tant. 

Tie writer feels—and his experience sustains him in it—that the 
printing press has received too little special consideration or study 
at the hands of our professors and instructors in mechanical engi- 
neering; and that, with greater attention given, and more importance 
attached to it, they would be likely to open up an extensive field 
which the graduate may profitably enter, and from which he is now 
in a great degree, excluded, for the reason that the printing press, 
as one of the most prominent specialties in mechanical engineer- 
ing, is given little, if any, more attention at school than is involved 
in the study of the more abstract subjects which he may subse- 
gently apply to it, if opportunity offers. 

A graduate, entering an establishment in which steam, electric, 
hydraulic and textile machinery, or even such as hoisting, crush- 
ing, and grinding machines and machine tools are produced, has 
the advantage of already having some knowledge of what may be 
alled the technics of the particular branch he bas adopted ; but the 
printing-press manufacturer finds none so well prepared to com- 
mence in his field, because of the lack of consideration given it as 
a special study, while probably a more important branch and in- 
volving the retinements of mechanical study more than any above- 
mentioned, with the exception of the steam engine and electricity. 
The writer believes that the manufacturer of printing machinery, 
in common with the young mechanical-engineer graduate, suffers 
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to-day because of the above facts, and that the printing press is 
losing much of the talent fostered and acquirements gained in our 
best mechanical schools, because of the comparatively cold shoulder 
it receives as a desirable branch of special study by them. 

The writer hopes that his friends, the college professors, in dis- 
cussing this paper, will not imagine that it is written in any fault- 
finding spirit. In the discussion of a recent paper on a cognate 
subject, it was remarked that it had become quite fashionable of 
late to pick the colleges to pieces; and, as it may be thought that 
the writer is actuated by a desire to be in the fashion in this re- 
spect, it may be well to disclaim, once for all, any such motive, and 
to say that, having been denied in his youthful days the privilege 
of pursuing any such admirable and invaluable course of prepara- 
tion as is now the good fortune of our sons to be able to obtain, he 
entertains perhaps a greater admiration for the technical schools 
and their present work than would have been likely if he had been 
a recipient of the favors any one of them now affords; and it is 
due to these considerations that he feels it a duty to offer anything 
which appears to him to be in the least likely to improve them or 
be of advantage to the young men, in whose behalf they have been 
established. 


DISCUSSION. 


Mr. Wm. Kent.—I have listened to this paper with a great deal 
of interest, and think it is a very good one. If I understand the 
paper rightly it is a complaint, but as far as I can see Mr. Haw- 
kins is the man chiefly at fault. He has known more about the 
printing press than any other man in this Society. He has not 
yet presented a paper on the subject. He has not written a book 
on the printing press so far as 1 know. There is not a college in 
this country, so far as I have seen, which has a text book on the 
subject, because there is none in existence. I know of no paper 
presented to engineering societies relating to the printing press. 
I do not remember to have seen anything in Engineering of 
London on that subject for several years. People who have 
known about the printing press have kept the information very 
strictly to themselves. If Mr. Hawkins will write a text-book in 
which the general principles of the printing press are laid down, 
I am sure the professors will take hold of it as a book of reference 
and give their students some instructions in the matter. 
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But the same complaint made about the printing press should 
be extended on other things, for instance, watches, nail-making 
machinery, tack machinery, pin machinery and things of that 
kind. I think there is an opportunity for colleges to take up the 
study of practical mechanism, in explaining machines such as the 
printing press, watches, nail, tack and pin machinery and all such 
things. 

I want to impress it strongly on Mr. Hawkins that he is the 
man to blame, for he has not written a book from which we can 
learn something about the printing press. 

Mr. £. 8S. Cobh.—I think Mr. Kent has struck upon the point 
exactly. I am interested in instructing in machine designing, and 
the trouble is not to find subjects for instruction, but rather to 
select which to diseard from among a large number of subjects 
which present themselves. Of course, as lias been intimated by 
the last speaker, you might go into nail-making machinery, 
and tack machinery, and all that class, but I think no class of 
work presents itself of which so little is generally known as the 
printing press. Such manufacturers as R. Hoe & Co., and others 
I might mention, are very exclusive. I know the case of a number 
of students who have gone to work for such companies, and who 
have had to learn the entire business after going there. Their 
general education in practical machine designing was of little use 
to them. But the trouble, I think, is partially with such men as 
Mr. Hawkins, who, knowing well how to, do not publish the in- 
formation which we desire on that score. 

Mr. F. R. Hutton.—There is another side to the question which 
Mr. Kent has raised, and that is that in the technical schools we 
have only four years in which to do a great deal, and in selecting 
subjects available for instruction we have to select those which 
will yield, for a given amount of attention, the greatest amount of 
training. It is possible to undertake the calculations of the steam 
engine and certain other calculations of that class and carry them 
through to the end; but there is no man who can start with the 
printing press and carry it through to the end, because, as Mr. 
Kent has well said, the professors do not know enough, and the 
second reason is that the student has not enough previous infor- 
mation to goon. He has a certain amount of previous informa- 
tion in the matter of the design of steam engines, but he has 
probably never had the opportunity for the same degree of pre- 
liminary study of the printing press which he has had of the 
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steam engine, and I think that is one reason why the printing 
press has been neglected. 

Mr. Cobb.—One more point in connection with that I think 
might be worth mentioning, and that is the field offered to young 
men after graduating from these institutions. They see the steam 
engine and kindred motors in use everywhere ; but printing press 
manufacture is confined to several cities, and while the product in 
machines may be large, the product of each machine itself is very 
large afterwards, and it does not seem to be such a universal 
product as the others, and does not, except in a purely kinematic 
sense, present such a good subject for theoretical study. 

Mr. W. T. Magruder.—I think another reason why the print- 
ing press has not been introduced into our mechanical engineer- 
ing and other similar technical schools is this: The printing 
press establishment has been a sealed book and closed door to 
all visits of engineering students. I was connected for a number 
of years, with the printing press manufacturing establishment of 
which Mr. Hawkins is the honored president, and about three 
years ago I suggested to him and to some of the officers of the 
company that it would be a good thing if some of the technical 
schools could be invited—I was thinking at that time of the 
Stevens Institute—to come there and visit our establishment ; but 
they were not allowed to come. I have been told also that it is 
almost impossible to get into R. Hoe & Co.’s establishment ; and 
the only way for a teacher of an engineering class to bring his 
class into intimate contact with printing presses is in the printing 
offices themselves. I would say to those who are interested in 
teaching in engineering and manual training schools that there is 
no place where they can teach mechanical movements and the 
geometry of mechanism and things of that kind to better advan- 
tage than in the printing office. All sorts of illustrations are 
there—cams and gears, links and levers, belts and springs, and 
the best facilities will be found there for teaching students from 
practical examples. 

Mr. J. L. Gobeille—The Ohio Wesleyan University is about 
to start a department of manual training, and at the meeting of 
the committee, of which I happened to be a member, it was 
decided that the first thing to be put in the department would be 
a printing press, to teach young men and women two things— 
first, the mechanism and usefulness of the printing press as applied 
to what they would, perhaps, be apt to do in after life; and another 
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thing was to let them do something which would have a commer- 
cial aspect to it. They have to pay for the printing which they 
have done at the University, and if they could do their own print- 
ing, the chief end of labor would be attained; they would get 
money for it and get it honestly. They talk a great deal about 
the dignity of labor in the training school. The fact is, there is 
not any, and the sooner they learn that the dignity of labor is to 
make money by it, the better it will be for the young men sent to 
those schools. 

Mr. Jacob Reese-—I would just add a word—that I think it is 
very important that the members of this Society should take this 
question to heart. As we represent teclinical experts in the 
different departments of industry, the world at large looks to us 
for direction and explanation of these different machines and pro- 
cesses. It seems to me it would be a desirable thing for the schools 
to be able to have a printing press to take apart, and to have 
all its parts numbered and their connection explained. I know 
little about the printing press—very little about anything outside 
of my own line of experience,—but I had a letter the other day, 
which I will mention, to show the importance of our taking this 
matter to heart, and preparing something for tiie schools. This 
is a good way—bring it in here and have it criticised. I had a 
letter the other day from an assistant of Prof. R. H. Thurston, 
our honored member, who requested that I should give him a de- 
tailed explanation of the basic process, so that he could present 
it to his class. I presume there is not a school in the country 
which has anything reliable on this important question in such a 
shape that they could present it to their classes. We have had 
papers on the Bessemer, basic and open-hearth process of such a 
technical nature as not to be presentable to a class. I will take 
oceasion at my earliest opportunity to make out for him such a 
description as he wants. I say this to show you that the schools are 
anxious for something which will give them a concise, definite 
description of the machines and the processes which they are 
teaching. 

Prof. Sweet.—At Cornell University, in the early days, they 
were favored with the presentation of a large press by R. Hoe «& 
Co, to start their printing office. They had a number of presses, 
and we had to keep those presses in repair. But after I left, the 
department, from some cause or other, ran down, as well as the 
printing office. The printing office has been closed entirely and 
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the presses thrown aside. The large press given by Hoe & Co, 
is, I believe, in the scrap heap, and the others sold. The printing 
department was at one time in a flourishing condition. A stereo- 
type foundry was carried on, so that the students had an 
opportunity of getting a good knowledge of printing presses and 
stereotyping. But that has all been allowed to die out—in my 
opinion a great mistake. : 

The President.—The School of Industrial Art in Philadelphia 
teaches the students not only how to weave textile tubrics on looms 
of different styles, but also the designing of the pattern, making 
the cards, in fact everything necessary for a correct understanding 
of the art. I think it would be a good idea for Mr. Hawkins, or 
some of the press companies, to present a technical school with a 
printing press, so that they could obtain a correct understanding 
of the machine, which they could take apart, and then write a 
thesis on the subject. 

Mr. Hawkins.—1 think that the objectors to this paper have 
lost sight of the principal feature in it; and that is, that there 
are certain industries in this country which have the most import- 
ance, and others have a certain grade of importance, all the way 
down the scale ; that many special branches of machinery manu- 
facture have been included among the subjects studied and taught 
in the technical schools, and that the printing press should occupy 
a more prominent position than has been given to many of the 
less important special studies. It is the main object, in writing 
this paper, to bring this state of things to notice, in order that it 
may be improved upon. 

I feel very much complimented by the proposition of Mr Kent 
and others that 1 write a text-book on the printing press. I hope 
I would be able to do it in a satisfactory manner, if I undertook 
it; but I am afraid not. I would say, in that connection, however, 
that there is not by any means the poverty of literature on the 
printing machine which Mr. Kent would indicate, although there is 
probably none in quite proper form to serve as a text-book for 
school use. There is, however, a great deal of matter in existence 
on the printing press, all accessible, which would be valuable in 
colleges and mechanical engineering schools. There are none of 
the things mentioned by Mr. Kent, except possibly pin machinery, 
but have been visited by students of the different universities ; 
but in no case can I find where they have visited printing press 
manufactories. 
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I am not a little astonished by what Prof. Sweet stated; that 
they had already had printing machinery in Cornell University, 
and threw it out. I find, so far as I have looked, that they have 
not, in any of the institutions, anything connected with printing 
machinery, of any consequence. They ought to have something 
of this nature, even if they should have to buy it. I am even 
more astonished that the suggestion of the President was not 
about the first thing that was offered in criticism of this paper; 
that is, that printing press inanufacturers be invited to send print- 
ing presses, without charge. Of course it would not be well for 
us to be invidious; we can hardly be expected to supply every 
school with a printing press; but I guarantee that we will supply 
a printing press to a technical school, free of charge, if others in 
the same line will do as muvh—that is, if proper arrangements can 
be made by them so as to get over the difficulty of being invidious 
between one and the others of the schools, for it could hardly be 
expected that all the schools could be supplied in this way, even 
though every printing press manufacturer donated one machine; 
and the experience of the Cornell University does not hold out any 
very great incentive to printing press manufacturers to attempt 
such a thing. Moreover, for one printing press manufacturer to 
donate one single machine out of perhaps fifty different varieties 
made by them, would, it seems to me, go a very small way toward 
bringing about some special study in this direction among the 
schools generally. 

Mr. Magruder has referred to the fact that there was a suggestion 
made at one time that engineering students visit our establish- 
ment; but he did not explain that we are not manufacturers our- 
selves. We have our printing presses built by the Mason Machine 
Works, on contract. We have nothing to say about whether any 
one shall come into the shops or not. I have no doubt it could be 
accomplished, if any direct effort were made in that direction. I 
will say that if any of the engineering schools would like to bring 
their students to visit our establishment, if they will communicate 
with me, I will endeavor to arrange with the Mason Machine 
Works for their coming. So far as we are concerned, we would 
be very glad to have them. Besides, printing offices themselves, 
where such machines are to be seen in operation, are always open 
to the visits of students from schools, or generally so, and they 
could obtain much valuable information in that way. But we 
never hear of their making such visits. 
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I only wish to impress on the convention that my principal ob- 
ject in writing this paper was to show that the printing press is 
much more deserving of prominence than many of the machines 
to which the schools give attention. If they will take the matter 
in hand, so far as I am concerned [ will do all I ean to assist them, 
and I believe that other printing press manufacturers would 
gladly do the same. 

Prof. F. R. Hutton.—lit is only fair to state in rebuttal of one 
or two remarks in the debate, that visits to printing press estab- 
lishments are not so difficult or impossible, as above suggested, 
provided that proper arrangements are made in advance for such 
visits, and the purty is properly officered and guided. The firm 
of R. Hoe & Co. has been mentioned as one in whose case the 
difficulty of admittance has been experienced. I have been most 
cordially met when I have applied there for permission to accom- 
pany a squad of Columbia’s students, and that firm in particular 
is well known as taking a most enthusiastic interest in technical 
education particularly for its own apprentices. They have classes 
of their own in mechanical drawing and mathematics as well as 
in the English branches. 

Mr. J. T. Hawkins.*—The proper course to pursue, I think, on 
this subject, on the part of the schools, would be for each of them 
to procure one or more full machines of the standard types, such as 
would be fitted for instruction purposes, from the various makers, 
and perhaps some separate parts representing the fundamental 
kinematics of the printing press ; and I have no doubt that every 
press builder in the country would join the company I represent 
in placing such in the schools at reduced prices, which is certainly 
all that could be asked. Some varieties of printing machines are 
entirely too costly and occupy too great a space, to permit of a 
thought of having a sample of them in a school. This is equally 
true, however, in the steam engine and of pretty much every other 
machine in which special instruction is now given in the schools. 
As an exercise for the mind in machine designing, I do not hesi- 
tate to say that the printing machine is not excelled by any 
other piece of mechanism produced to-day. It involves kine- 
matics of a very high order, and of almost endless variety, includ- 
ing, in some form, almost every kind of motion known to the 
mechanical world; and such a machine, or system of machines, 
if studied and taught as a specialty in the schools, would be of 
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incaleulably greater value to the student than many of which they 
now have to give their attention. Mr. Cobb says he has known 
of a case of a nuniber of students who have gone to work for 
printing press companies and who have had to learn the entire 
business after going there, and that general education in practical 
machine designing was of little use to them. This is precisely 
the state of things which I desire to see corrected. Give the boys 
some special instruction in this branch, just as now done on the 
steam engine, and thence down to wind-mills; and they will be 
able to present themselves better equipped for the fight. 

To Prof. Hutton’s remarks, I would reply, that if for the lack 
of previous information no man can start with a printing press 
and carry it through to the end as with the steam engine, the 
proper thing to do is to give the student a little of this “ previous 
information,” just as is done with the steam engine and many 
other things ; and if the four years are not long enough within 
which to accomplish this, leave out some of the less important 
to which attention is now given. 

To Mr. Cobb’s second remarks, I would say that perhaps he 
would be surprised to know the comparative number of steam 
engines and printing machines in use in the world, and be equally 
surprised, perhaps, at the number of printing press manufacturers 
in the country. I hardly think he justly expresses it by saying 
that their manufacture is confined to several cities. Without 
using anything more than my general knowledge of the extent 
of this industry, I should say that 1 was well within the truth if I 
counted not less than 4,000 to 4,500 printing machines made in 
this country per annum, of all kinds, excluding the mere toy 
machines for amateur use; and more than half of these will be 
machines that range from two to five tons each in weight. It is, 
moreover, precisely in a kinematic sense that this class of machines 
does present the best possible subject for theoretical study, 
while it is in this sense, as indicated in a previous paper (“ Edu- 
cation of Intuition ’’), that our technical graduates are most lack- 
ing to-day. 

I would suggest, in view of Prof. Hutton’s objections, that if 
four years do not give time enough to properly consider such sub- 
jects, that at the commencement of the junior year, students 
be given the privilege, or be required to choose among a consid- 
erable number of studies, which two or three they would prefer to 
receive instruction in, to the exclusion of all others, with the 
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view of the young man’s adopting either one of the chosen ones 
upon graduation ; giving the printing machine its proper place 
among them. So much is known as a whole nowadays on any 
subject, that no man can expect to acquire it all; and no better 
time can appear at which a young man may determine for him- 
self some limit within which his future sphere of action should be 
contined than at about the middle of his college course. If he 
tries to prepare himself fundamentally to enter any one whatever 
among the whole, he is pretty sure to be well fitted for none. He 
will be much like the traditional jack at all trades—master of 
none. 
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1. ORIGIN AND NATURE OF THE SURFACE CONDENSER. 


James Warr was granted a patent for inventing the surface con- 
denser, Jan. 5, 1769. He said: “In these engines, that are to be 
worked wholly or partly by condensation of steam, the steam is to 
be condensed in vessels distinct from the cylinders, though occa- 
sionally communicating with them. These vessels I call Con- 
densers, and whilst the engines are working they ought to be kept 
as cool as the air in the neighborhood by the application of water 
or other solid bodies.” * * * “Whatever air or other 


elastic vapor is not condensed by the cold of the condenser is to be 
drawn out of the steam vessels, or condensers, by means of pumps 
wrought by the engines themselves or otherwise.” 

Watt's first experimental condenser consisted of two small pipes, 
made of tin plates, about a foot long, placed vertically, and con- . 
nected at the top and bottom respectively to the steam cylinder 
and a pump. The pump and tubes were submerged in a cold- 
water bath. 

The surface condenser was replaced by a jet condenser by Watt, 
“in order to secure a surface sufficiently extensive to condense the 
steam of a large engine, * * * as the pipe condenser would 
require to be very voluminous, and because the water with which 
engines are frequently supplied would crust over the thin plates 
and prevent their conveying heat sufticiently quickly.” 

The surface condenser appears to have been used only as a 
model until §. Hall applied it, in 1838, to the steamship W?/berforce. 
This condenser had 2,374 copper tubes, 8 feet long and one-half inch 
in diameter, placed vertically in a box. The surface was about 
2,486 square feet, and the horse-power of the engines 285. There 
were 8.72 square feet of condensing surface per horse-power. 
This condenser was not considered a success, as the tubes became 
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coated with mud, so that they were removed and the surface was 
changed to a jet condenser. 

In 1859 the P. & O. Steamship Co. applied surface condensation 
to the steamship Moulton. ‘The condenser had 1,178 tubes, 5 ft. 
10 in. long, § inch in diameter, 0.05 inch thick, or a surface of 4,200 
square feet. The indicated horse-power was 1,731. There were 
2.42 square feet of coudensing surface per I. 11. P. The tubes were 
| packed with linen tape and screwed glands. The circulating water 
| was controlled by a 36-inch disk centrifugal pump making 200 rev- 
olutions per minute. This is probably the first independent ciren- 


| lating pump ever used. The tubes were vertical, and the 
refrigerating water ascended them on the outside. 

The year 185 marks the date at which surface condensers began 
to come into general use. 


2. REASONS FOR USING OR NOT USING A SURFACE CONDENSER. 


J. F. Spencer, in a paper read before the Institute of Engineers 
(Scotland), Feb. 5, 1862, gave the following 
Advantages of a Surface Condenser. 
1. Freedom from injurious deposits in boiler. Small amount of 
scale. 

2. Since the boilers will be stronger, steam of a higher pressure 
may be used than is possible with the jet condenser. 

8. The foulest water may be used as the refrigerating agent. 

4. The supply of feed water to the boilers is more regular than 
is possible when using the jet condenser, 

5. The load on the air pump is uniform. 

6. Gain in the use of the fuel, as the loss from blowing off is 
from 15 to 20 per cent. less when surface condensers are 
employed. 

i. Boilers need not be cleaned so frequently: less wear, tear 
and expense. 

8. Can use increased expansion of steam. 
9. Heating surface of the boiler is more efficient, as there is less 
incrustation. 

Disadvantages of a Surfuce Condenser. 

1. Additional pumps and machinery. 

2. Additional space occupied by the machinery. 

3. The use of the same water over and over again is held by 

some to corrode the boiler. 


| 
i 


SURFACE CONDENSERS. 


4. Complication of tubes, ete. 
5. Liability to leakage. 
6. Increased first cost of from 10 to 20 per cent., and increased 


cost of repairs. 
More refrigerating water is needed than for a jet condenser. 


3. JOULE’S EXPERIMENTS WITH THE SURFACE CONDENSER.* 

Joule’s apparatus consisted of two concentric copper tubes, 
through the inner one of which passed the steam to be condensed, 
while the circulating water traversed the annular volume between 
them. When a spiral wire was used to give a twist to the current 
of circulating water, it was placed in this annular volume. 

He deduced: 1. The temperature of the steam side of the tube 

is uniform throughout its length. 

2. The resistance to conductivity is due to the film of water on 
each surface, and is independent of the kind or thickness of 
the metal used. 

3. The conductivity of the tube used increases with an increase 
in the velocity of the circulating water: and that for the 
same head, the conductivity is greatest when a spiral wire 
gives a twist to the current of circulating water. 

4. Air is a very poor refrigerating agent. 

The conduetivity of copper tubes is thus stated by Rankine : + 


| eas Steam Condensed 
Initial er ea. ‘ft 
Cooling fluid. Temperature, | Material. | Authority 
Fahr. 
br. 


Water. 6S to 77 Copper, 21.5 Peclet. 


| 


? 100.0 Joule. 


Each pound of steam condensed gave up about 1,000 British ther- 
mal units. 


4, ISHERWOOD’S EXPERIMENTS ON CONDUCTIVITY OF METALS. + 


The apparatus consisted of several metal pots, each 10 ins. internal 
diameter, 21.25 ins. inside height, which were immersed in a 


* From an article ‘‘On Surface Condensation of Steam,” by J. P. Joule, 
Jour. Frank. Inst., 1862, p. 136. 

¢ Rankine’s Steam Engine, § 222. 

¢ See p. 58, Shock’s Steam Boilers. 
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common vessel supplied with steam of a certain pressure and tem- 
perature, from the boiler. The pots were kept constantly filled 
with water at 212° F., and the quantity evaporated measured the 
conductivity of the metal. The heat for vaporization was given by 
the steam-bath. Pots of copper, brass, cast and wrought iron were 
used simultaneously. The conditions were identical in each series 
of experiments. The experiments covered many days. The tem- 
perature of the steam-bath, and the thickness of the pots varied be- 
tween wide limits. 

The following laws were deduced : 

1. The number of heat units transmitted per hour through a 
square foot of surface is in direct ratio of the difference in 
temperature of the sides of the intervening metal. 

2. Within limits, the rate of transmission of heat through a metal 
wall is independent of its thickness. (Isherwood used thick- 
nesses of 4, | and 3 inch.) 

3. The thermal conductivity is as given in the following table: 


Thermal conductivity in terms 
| of heat units transmitted per 
Metal. | hour through one square foot 
of material for a difference of 
temperature of 1° Fahr. 


Relative thermal) 
conductivity. 


Copper, (refined)......... 642.543 1.000 000 
Brass, (60 cu., 40 zn.)..... 556.832 0.866 607 
Wrought Iron,(best rolled).| 373.625 0.581 478 
Cast Iron, (several times| 

315.741 0.491 393 


5. NICHOL’S EXPERIMENTS WITIT CONDENSER TUBES.* 


The apparatus consisted of an ordinary brass condenser tube, 
inside a wrought-iron pipe. The radiation of heat from the outer 
pipe was determined from separate experiments, and its effects 
were eliminated. Steam filled the annular space between the tubes. 
Its temperature and pressure were noted, and also the amount con- 
densed. Circulating water traversed the inner tube. Its velocity 
varied. The quantity flowing through in a given time, and the 
temperature on entering and leaving the tube, were noted. Ex- 
periments were made with the tube in a horizontal, vertical, and in 
an inclined position, 


* London Engineering, 20, 449. 
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The results were: 

1. The temperature of the water side of the tube is the arith- 
metical mean of the initial and final temperatures of the 
refrigerating agent, provided the rise in temperature is not 
greater than is found in ordinary surface condensers. 

. The efficiency of the condensing surface is increased as the 
quantity of circulating water is increased. 

. The surface is most efficient when the tube is horizontal, 

4, The number of heat units transmitted through a unit surface 


bo 


in a unit time is greatest when the difference in temperature 
between the sides is greatest. 


6. METHODS USED IN DESIGNING THE CONDENSING SURFACE, 


Rice gives the following formula :— 


Pounds of Steam Condensed per hour 
Condensing Surface in Sq. Ft. = ——--——— 508100781 
.93 to 7.4 


This formula* permits about 8,000 British heat units to be trans- 
mitted through a square foot of condensing surface per hour, and 
assumes that about 1,000 units are given up by each pound of steam 
condensed, 

Seatont gives the following proportions, when the circulating 
water enters the condenser at a temperature of 60° F. 


Absolute Terminal Pressure of Steam Square feet of condensing surface 
in the Condensing Cylinder. perl. H. P. 
6 1.50 
8 1.6 
10 1.80 
12.5 2.00 
15 2.25 
20 2.50 
30 8.00 


When the vessel is to cruise in the tropics, the values given in the 
table must be increased 20 per cent.; when she occasionally visits 
the tropics, 10 per cent.; while a decrease of 10 per cent. will suf: 
fice in Arctic waters.+ 


* The Steam Engine, by Arthur Rigg. 
+ Manual of Marine Enginecring, by A. E. Seaton, p. 198. See, also, Burgh's 
Condensation of Steam, p. 241. 
¢ P. A. Engineer John A, Tobin, U. 8. Navy, in his report on the Jmprove- 
ments in Naval Engineering in Great Britain (Ex. Doe. 48, 47th Congress), gives 
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Prof. Marks* gives the formula :— 
W (HH — T) 
0.1 to 0.2 — 


Condensing surface in square feet = 


Where W = pounds of steam sent to the condenser per hour. 
H = total heat units in one pound of steam at the 
boiler. 
7 = mean temperature of the circulatin 
T' = temperature of the vacuum. 
C = 556.832 for brass, and 642.543 for copper tubes, as 
found by Isherwood, and shown in the table of § 4. 


g water. 


7. PROPOSED FORMULA FOR THE CONDENSING SURFACE. 


The area of the condensing surface depends upon the quantity, 
quality and temperature of the exhaust steam, the initial and final 
temperatures of the circulating water, the character of the exposed 
surfaces, and the metal used. It is evident that the methods given 
by Rigg and Seaton do not cover all the requirements. Prof. Marks’ 
rule is not exact (1) because the heat given up by the steam to the 
circulating water is not nearly so great as W (/7— 7’), and (2) be- 
cause the wide range in the value given to the thermal conductivity 
of the metal, 7. ¢., from 0.1 to 0.2C, is misleading. 

In 1883 the writer deduced ¢ a formula for the condensing sur- 
face. It involved all the data necessary for a complete solution of 
the problem, but the value of the coefficient of efficiency of the 
condensing surface was not well determined. This formula is here 
reproduced and moditied so that it may be used in designing. 

In studying the action of the surface condenser we will make 
the following assumptions, as warranted by the experiments given 


in $$ 8, 4 and 5, viz:— 


1. The temperature of the steam side of the tube is uniform 
throughout its length (Joule), and the steam is saturated at a tem- 


“The proportion of condensing surface to the horse-power in fifteen of the most 
recent (1883) types of high-speed merchant steamers by the best Scotch builders, 
averages 1.95 to 1. This proportion compared with the data of seven steam 
ers, taken from a paper read before the Institution of Mechanical Eugineers, \y 
Sir F. J. Bramwell in 1872, having a ratio of 3.18 to 1, shows the saving ef- 
fected in this direction during the past ten years.” 
* $85, Marks’ The Steam Engine, 1887. 
+ Proce. U. 8S. Naval Inst., No. 24. 
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perature corresponding to the reading of the vacuum gange. This 
latter assumption,* though arbitrary, is probably sufficiently exact, 
since (a) the fluctuations of the reading of the gauge are inappre- 
ciable; (4) the exhanst port is opened and closed gradually, steam 
is exhausted throughout all, or nearly all of the stroke of the pis- 
ton, and the steam is condensed as soon as it arrives in the con- 
denser; (c) the steam in the cylinder, at the end of its expansion, 
is almost certain to be ‘wet, even with steam-jackets, and this wet 
steam, on account of free expansion during the exhaustion, is satu- 
rated when it reaches the condensing surface. This is still further 
probable because the condenser pressure is always several pounds 
below the terminal pressure in the condensing cylinder. 

2. The temperature of the water side of the tube has a value 
equal to the arithmetic mean between the initial and final tempera- 
tures of the circulating water (Nichol). 

3. The conductivity of the surface is increased as the quantity of 
circulating water used is increased (Nichol, Joule). This quantity 
of water will vary inversely as its rise in temperature. 

4. The number of heat units transmitted per hour through a 
unit surface depends directly upon the difference between the 
temperature of the sides (Isherwood, Nichol); varies with the 
material used, as shown by the table in $4; and is independent of 
the thickness of metal used for the tubes, as found in ordinary 
practice (Isherwood, Joule). 

Let S = the condensing surface in square feet. 

7, = the temperature of the steam in the condenser, or that of 
saturated steam corresponding to a pressure indicated by 
the vacuum gauge, in degrees Fahir. 

7, = the temperature of the condensed steam as it leaves the 
condenser, 7.é., the temperature of the hot-well. 

¢ = mean temperature of the circulating water, or the arith- 
inetical mean of the initial and final temperatures. 

ZL, = the latent heat of saturated steam at a temperature 7}. 

k = perfect conductivity of one square foot of the metal used 
for the condensing surface for a range of 1° F., or 
556.832 British thermal units for brass (§ 4, table). 

e == fraction denoting the efficiency of the condensing surface. 

q = rate of conductivity corresponding to a variable range of 


* This assumption is indorsed by C. Andenet in Etude sur les Condenseurs a 
Surface, and by E. Cousté in Annales du Genie Civil. See Van Nostrand’s Engr. 
Mag., Vol. 1., Nos. 7, 9 and 10. 
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temperature 7’— ¢, and an elementary surface of rate 
ds. T has a value between 7, and 7}. 

W = total number of pounds of steam sent to the condenser 
per hour. 


The heat given up by the steam to the circulating water is 


. 
— 


fods=W(L+ . 


As a unit mass of the steam at a temperature Z, impinges upon 
the refrigerating surface, which is at a constant temperature ¢, the 
units Z are given up, and the steam becomes water at 7}. The 
range of temperature during this performance is 


T, t, 
and for the units Z, we have the constant 


The condensed steam at 7; now gives up heat to the circulating 
water, so that the range is at first 


T, 
and finally ‘ 
2— 


and at any instant while it is on an elementary area of rate ds, the 
range is 
t. 
Hence for the water 
qg=ck(T—1?), a variable quantity. 


Transforming equation (1) and integrating : 


dT 


or 


The quantity a is always large, while log, GS ) is never 
t T — t/ 


greater than about 0.1. Hence equation (3.) will be practically cor- 
rect, and much simplified, by dropping the last term, so that 
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WL 


S= 


The fractional coefficient, c, denoting the efficiency of the con- 
densing surface, remains to be determined. It must be applicable 
to a condensing surface in ordinary use, @.e., coated with saline and 
greasy deposits. The best data, available to the writer, for deter- 
mining the value of ¢ are furnished by the U.S. R. M.S. Dadlaa, 
from the experiments of Messrs. Loring and Emery,* as shown in 
the following table: 


Vacuum pressure in pounds per square inch 2.597 


Corresponding temperature for saturated steam, 7)........ 186.17 
Initial temperature of the circulating water........... ... 67.67 
Final temperature of the cireulating water................ 108.67 
Mean temperature of the circulating water, f.............. 88.17 
Temperature of the hot-well, 134 


The value of ck being 180, = Equation (4) becomes 


S — WL 


This applies to an engine having an independent circulating 
pump. When the pump is worked by the main engine, the value 
of S should be increased about ten per cent. Formula (5.) is recom- 
mended in designing a surface condenser. 

The writer regrets that the official data relative to the exact 
quantity of steam used in the cylinders are so scant that he can use 
no other performances in deducing the value of ck, The formula 
will be found, however, to give safe results. 

The value of W, the pounds of steam sent to the condenser per 


+ The condensing surface, though published as 900 sq. feet, has been found to 
be but 857.7. 
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hour, will vary with the type of engine used, initial pressure of steam, 
ratio of expansion, and whether the cylinders are steam-jacketed or 
not. No more reliable data are accessible on this point than the re- 
sults of Messrs. Loring and Emery, already referred to, and here 
summarized, viz. : 


| Absolute 


| Withor | Steam Pounds of i 
Type of | Withouta Pressure Steam used |. Condensing Surface 
Condensing Engine. Steam in Boilers. perl. H.P. | 1. H. P. 
Jacket. | Pounds per Hour. 


| per sq. in. 


2 cyl. Compound, 90°.....) With. | 55 22 


2.08 
2 cyl. Compound, 90°.....; With. | 8 | i84 | 1.74 
Non-Compound.......... | With. | 27.5 |33 to87 | 3.12t03.5 
Non-Compound,......... | With. 55 22 to 26.5 2.08 to 2.53 
Non-Compound...... With. | 20.5t025 | 1.94 to 2.36 
Non-Compound.... ..... Without. | 27.5 |40 to 44 %.78 to 4.15 
Non-Compound......... Without. | 50 26.7 to 31 2.54 to 2.93 
Non-Compound.......... Without, 85 21.7 to 25 2.05 to 2.36 


In designing, it is well never to anticipate a vacuum exceeding 
25 inches of mercury when the engines are developing full power. 
This corresponds to about 2.5 lbs. pressure. So that 7’= 185 and 
LI = 1020; and equation (5.) may be reduced to 


1020W WW 
~~ 1801135 — 


The value of ¢ will vary with the quantity of cirenlating water 
used and the season of the year. It, being the arithmetical mean 
of the initial and final temperatures of the circulating water, is 
about 60 in the winter and 75 in the summer. Since the larger 
value of ¢ gives tle greater value of S, we will substitute ¢= 75, 
and equation (6.) becomes 


17W W 


~ ~ 3(135 — 75) 180° 


W is the total number of pounds of steam condensed per hour, 


or 


W=I. H. P. x pounds of steam used per I. H. P. per hour. 
By combining this.with the data given in the preceding table, 
the last column is deduced. 


>. 
(6) 
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The pounds of circulating water required per hour is 


WL+7,- 


where #2 = the rise in temperature of the circulating water. 


DISCUSSION. 


"Mr. Frederick M. Wheeler.—I have been very much interested in 
the paper on Surface Condensers by Prof. Whitham, as I believe 
it is the first paper on this subject that has been presented to this 
Society. He refers to the experiments of Hall, who arranged his 
tubes in a vertical position. Now Iall would certainly have been 
more successful had the tubes been placed horizontally, as I have 
found by experience (as also have other builders of surface con- 
densers) that the horizontal system is the better one. Nichols’ 
experiments certainly prove this, for he condensed from 10% to 
20% more steam with the tubes placed horizontally than when 
placed vertically. The reason for this is very apparent ; the con- 
densed steam continually drops away from tle entire length of 
the tube, while in the vertical form the water of condensation 
flows down the outside of the tube, thus covering the tube with a 
film of water for its entire length. Joule’s experiments showed 
that about 100,000 heat units could be transmitted per square 
foot of surface per hour; now this result has been exceeded by 
Kirkaldy, of England (according to a report published in the 
London Engineer, in 1885) with a condenser of his make where 
130,000 heat units were transmitted per hour per square foot of 
surface ; Kirkaldy used fluted serpentine coils, which, in my opin- 
ion, are objectionable, owing to iis being almost impossible to 
clean properly the inner and outer surfaces of the condensing sur- 
face—a necessity if you wish to keep up the efficiency of a con- 
denser. The best surface condenser is one so arranged that the 
tubes can be readily removed for cleaning or repairs ; this means 
the use of a straight tube and with fastenings which will not be 
destroyed by the removal of the tube. My experience, dating 
back nearly twenty years with many types of surface condensers, 
las shown that most every condenser in the market is open to the 
objection of having the tube packings arranged with wood, paper, 
or other fibrous packed ferrules or glands; these are all likely 
28 
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sooner or later to leak and give trouble, and where a vessel is 
laid up for any length of time, are liable to dry out and cause 
leakage ; then again, whether the tubes are packed with ferrules, 
stuffing-boxes or glands, there is always a liability of the tubes 
being held rigidly, thereby preventing proper expansion and con- 
traction. 

The superintendent of the Ward Line of steamers had an ex- 
perience of this kind with condensers on his steamers ; in cleaning 
the condensers after a few years service, the tubes were indented 
and otherwise roughened at the ends, in taking them out; when 
replaced, the tube ferrules gripped and held firmly a sufficient 
number of these tubes so as to cause the rupture of the tube 
heads; the result was that all the tube heads had to be replaced 
at considerable expense. Ihave prevented trouble of this kind 
by arranging the tubes so that but one end was held tast—the 
other end being free to expand and contract without limit. To 
accomplish this I used one tube inside a large one, the water first 
passing through the smaller tube and returning through the annu- 
lar space between the two tubes ; this space being over 50% greater 
area than the area of the smaller tube. With an active cireula- 
tion of water through tubes of this arrangement and a water 
chamber of special design I secured remarkable results, particu- 
lars of which I shall publish when verified by an Official Board 
from the Burean of Steam Engineering. 

Now the formula proposed by Prof. Whitham seems to me to be 
very consistent. and will no doubt prove of practical value in the 
designing and proportioning of the surface condensers. ‘The only 
thing I might criticise is the second line of the formula where 
the terin 7) might trouble in the result of his caleulations ; for the 
reason tliat the temperature of the hot well is generally less than 
the temperature of the condensed steam as it passes out of the 
discharge nozzle of tle condenser; in other words, as the con- 
densed steam leaves the condenser and passes through the air 
pump and pipes, it is continually losing heat until it reaches 
the hot well. I have known the difference of temperature of con- 
densed steam to be as high as 10 to 20 degrees. 

Prof. Seaton’s tables are generally followed in English prac- 
tice, and are now being used in this country more than formerly. 
It is very amusing, however, to fiud how little is known by the 
builders of surface condensers in this country as regards the 
proper adaptation of the condenser to the engine; and I have no 
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doubt that the paper of Prof. Whitham (with the wide circulation 
which the Society will give it) will do much to educate and as;ist 
manufacturers in more intelligent practice. 

Mr. Louis Gr, nye /. | believe the common practice is to use 
condenser tubes of brass, which brass is perhaps similar to that 
mentioned in the table given by Mr. Whitham, as being com- 
posed of 60% of copper and 40% of zine. It is this zine which has 
obliged us to throw out brass pipe for any purpose where it is 
exposed to sugar liquors, or even the vapors from the same, in 
a vacuum pan and to substitute copper therefor. The specimen 
submitted of what was once a brass tube is from the surface con- 
denser situated between a vacuum pan and the jet condenser, 
exposed to the vapor from the pan at a high velocity, subject to 
arange of temperature from probably 50° to 212° F., the tubes 
being about 12 feet long in a vertical position and free to move 
at the lowerend. Time of service about six years with Ridgewood 
(Brooklyn) water inside the tubes for cooling. 

It will be observed that the form of the tube remains, that the 
zine has largely disappeared, that the residue is probably an 
oxide of copper so weak as to resemble red brick in its facility 
for breaking short. 

We have replaced those broken or split with copper tubes 
which expand about as well as brass, are as free from leaks where 
expanded, and last very much longer. Of course where the tubes 
are only exposed to the action of condensed steain from an engine, 
brass may last indefinitely, especially if good oil is used for lubri- 
cation; but the specimen submitted speaks for itself as to its 
endurance under the conditions cited, The principal advantage 
claimed for brass tubes seems to be their rigidity, especially when 
horizontal, yet we have two-inch copper tubes No. 14 Birming- 
ham Gauge over nine feet long in use about four years, horizon- 
tally, without any perceptible sag. 1am convinced that this is due 
to the fact that one end was free to move; for when this condition 
does not obtain, a sag is the inevitable result not only of the weight 
but of a gradual growth of the tube in length, due to innumerable 
expansions by heat, greater individually by a minute quantity 
than the subsequent contractions, but in the aggregate actually 
greater by a very appreciable amount. 

Wr. Nagle.—I know as a matter of fact that these vapers per- 
meate a sugar refinery throughout, and are destructive to all 
brasses within the premises, from the basement to the attic. Of 
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course they are more active on some floors than on others; but 
even in the basement these vapors affect all brasses and cover 
them with a slight oxide. One remedy is, to coat them with 
paraffine, where that is possible. 

Mr, J. 8S. Coon.—I have known a ease where the brass tubes of 
a feed water heater were acted on in the same way as those ex- 
hibited. The gases in the coal ate the zine out, and left the copper 
in a similar brittle condition, so that the heater had to be taken 
out for this reason. 
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CCXCII. 
AUTOMATIC REGULATOR FOR HEATING APPARATUS. 


BY J. T. HAWKINS, TAUNTON, MASS 


(Member of the Society.) 


For the heating of buildings, the hot-water system has many ad- 
vantages over steam radiators, and it is now coming more largely 
into use than heretofore. In Europe and Canada the hot-water 
system has been much more largely used than in the United 
States. Lately, however, its superior advantages have become 
recognized in this country, and it is now rapidly supplanting the 
steam system, particularly for the heating of residences. 

The principal advantage of the hot-water over the steam method 
is that the temperature of the radiators may be varied in the former 
to suit the exigencies of the season, while in the latter, if sufficient 
radiating surface be supplied to warm a given room in severe 
weather, it is altogether too liberal in its heat-dispensing power in 
mild weather; and too high a temperature must be submitted to 
in such cases in the apartinents heated, or the radiator shut off and 
the other extreme endured; or, even if by constant watchfulness 
the steam radiators be from time to time turned off and on—which 
operation constitutes a very grave nuisance 


the apartments 
sought to be warmed must at best fluctuate between considerable 
maxima and minima of temperature. 

In the open hot-water circulating system, with the proper regu- 
lation of the combustion in the water heater, the radiators may be 
kept at any temperature desired below 212° Fahrenheit; while 
with steam coils or radiators, if they be heated at all, it must be at 
least at 212°, and, where a pressure of four or five pounds to the 
square inch, necessary for complete circulation of the steam, be 
carried in the boiler, it will be something more. The nuisance of 
being obliged to expel the air from the cooled steam radiator also 
adds to the discoinfort attending it, and also renders it less efficient 
in maintaining an equable temperature in the apartment. Auto- 
matic air valves mollify this difficulty somewhat, but even with the 
best of these, when so nicely adjusted as to be entirely closed when 
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the radiator is heated, the time required to discharge the cold air 
from a radiator of any considerable size through the exceedingly 
small opening offered when the radiator is cold is so great as to 
add still further to the fluctuations of temperature of a room heated 
by them in moderate weather, if they be of sufficient capacity to 
warm the room properly in the coldest weather. 

The hot-water system has not, however, heretofore, so far as no- 
ticed by the writer, been provided with any efficient means of anto- 
matically regulating the combustion, while the steam system, by 
means of varying pressure of steam in the boiler, offers a very 
facile and simple means of opening and closing the dampers auto- 
matically, and thus regulating very perfectly the combustion to 
conform to the demands made upon the radiators. 

There are in use automatic electric regulators for hot-water and 
hot-air furnaces, governed by the temperature of the apartment 
through a delicate thermostat making and breaking electric con- 
tacts which trip into operation some extraneous power for opening 
and closing the dampers; but they are very delicate in’ construc- 
tion, and under ordinary use quite liable to lose their nice ad- 
justment and become inoperative. When kept in perfect adjust- 
ment, moreover, they are extreme in their operation, requiring a 
certain range of temperature to be submitted to in an apartment 
before a change will occur; and when such an appliance operates 
upon the dampers, by the apartments having reached either the 
maximum or minimum temperature at which it will act, the damp- 
ers are either wholly closed or wholly opened by the extraneous 
power referred to; and the result is a continual succession of max- 
imum and minimum temperatures in the apartment, instead of an 
equably maintained one. Thus, with the dampers entirely open, the 
combustion goes on at a rapid rate until the temperature in the 
apartment reaches the maximum point at which the thermostat 
makes the necessary connection by which the trip is operated, and 
the extraneous power closes them tight, the reverse obtaining until 
the minimum temperature in the apartment is reached ; and these 
operations are periodically and continually repeated, and, so far as 
the writer knows, these fluctuations are quite beyond the limits of 
comfort. 

There are also in use damper regulators for hot-air and hot-water 
apparatus in which the dampers are operated through the expan- 
sion of a straight rod, the motion of whose free end is multiplied 
into the dampers by meaus of a succession of unequally armed 
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levers; but, in such, the multiplication of motion is required to be 
so great as to involve the use of a class of mechanism badly adapted 
to such situations as are usually occupied by furnaces; and, while 
suitable for instruments of precision, are objectionable for such 
purposes ‘as above, as liable to fail because of the accuracy of 
operation required, which is not likely to be long maintained in 
such situations, 


The above considerations induced the writer to devise the appa- 
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ratus outlined in the figures—which, of course, may be varied in 
construction in many ways. Figures 107, 108 and 109 show re- 
spectively a plan view and a front and side elevation of the appara- 
tus as attached to a hot-water system. 1 is the heater; 2, the flue 
leading to chimney ; 3, a pipe leading from the top of the heater 
to a radiator; 4,a return pipe from the radiator, delivering the 
cooled water into the lower part of the heater. Surrounding pipe 
tis a helical-coil thermostat, constituted of two strips of dissimilar 
metals, having widely different coefficients of expansion, as brass 
and iron, riveted, soldered, or brazed together. This helical ther- 
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mostat fits over the pipe 4 easily, with the more expansible metal 
on the inside, and the less expansible on the outside, exposed to 
the temperature of the surrounding air. The lower end of the 
helix is secured to a lever 6, having in one arm an are of pin- 
holes, the outer arm constituting the handles. A lug 7 is attached 
to the heater, having the single hole meeting the are of holes in 
the lever5. A pin 8 may be placed in either of the holes in the 
are, and thus the lever 6 be rigidly held in either position deter- 
mined by the given hole used. 


Fic. 1(9. 


To the upper end of the helix is secured a lever 10, having at its 
free end a pin 11. -13 is a damper of the flue pipe; and 12 a lever 
secured to its axis. 15 is the ash-pit or inlet damper. 19 is a strip 
of metal containing a series’of holes fitting the pin 11. 16 is a 
chain passing over one of the leading pulleys 20, with one end 
connected to the strip 19 and the other to the inlet damper 15. 
17 is a similar chain passing over another leading pulley 20, and 
connecting the other end of the strip 19 with the free end of the 
damper lever 12. 18 is a weight suspended from the lever 12, to 
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counterbalance the weight of the damper 15 and the surplus verti- 
cal chain leading from it. 

In this construction it will be obvious that the expansible helix, 
having the more expansible metal exposed to the fluctuations of the 
temperature of the pipe within it, while the less expansible one is in 
contact with the surrounding air, and therefore only partially 
heated by conduction from the inuer one, will undergo a consider- 
ably greater straightening or unwinding for a given elevation of 
temperature of the pipe within it than if it were merely immersed 
wholly in the medium whose variation of temperature was to oper- 
ate upon it, as with the ordinary thermostat; and that, the lower 
end of the helix being tixed, and the helix being of considerable 
length, such a straightening or unwinding by elevation, or coiling 
up by reauction of temperature of the pipe. will cause the upper 
lever 10 to move through a considerable are for a small variation 
in temperature of the pipe within it, and that the force exerted to 
move the lever 10 will be a very positive one. The pin holes in 
the plate 19 serve merely to regulate the relative position of the 
dampers 13 and 15, and the lever arc 6. The same, however, may 
be accomplished by hooking the chains directly to the lever 10, 
and taking them up or letting them out, as may be required. The 
adjustment of the position of the lever 6 will determine the tem- 
perature of the pipe 4, at which the dampers 13 and 15 will become 
closed or remain in any desired position of partial opening; and, in 
any given weather, it will be only necessary to put the pin 8 in 
such hole of the arc of lever 6 as will keep the water returned down 
the pipe 4, and consequently that circulating through the radiator, 
at the required temperature. This adjustment decides what tem- 
perature the apartment will be maintained at, the apparatus there- 
after automatically maintaining that temperature. Of course, the 
adjustment of the lever 6 may, by any well-known means, be 
made to be operated from the room where the radiator is situated, 
in order to avoid going into the cellar to make the adjustments ; 
and in many cases this may be desirable, as it is often required, 
without any marked change in the weather, to maintain a lower 
temperature throughout the house—for instance, to have it at night 
cooler than during the day, in order to reduce the combustion dur- 
ing the night to a minimum, 

The helical thermostat is shown as surrounding a return pipe, but 
it will be equaily efficient, and is generally most desirable, if placed 
upon an ascending or delivery pipe; the only difference being that 
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in one case the regulation is made to conform to the fluctuations of 
the temperature of the water passing from the heater to the radi- 
ator, and in the other ease to those of the water returned from the 
radiator to the heater. ; 

As in the gravity, or open hot-water system, there is generally re- 
quired to be a separate return and delivery pipe connecting each ra- 
diator with the heater, it would be desirable to attach this apparatus 
to either the delivery or return pipe of the principal radiator in the 
house, so that the temperature of the entire house will be governed 
by that of its principal apartment. 

This apparatus is quite as applicable to the government of hot- 
air furnaces as to hot-water, by providing a special smal] branch 
hot-air flue, to be surrounded by the helical thermostat, and the 
necessary connections made for the dampers. 


DISCUSSION. 

Mr. Geo. H. Babcock.—The arrangement proposed by Mr. 
Hawkins for regulating the damper of a hot-water apparatus is 
&u very ingenious adaptation of Dr. Arnot’s “thermometer stove 
of fifty years ago, and as a means of preventing the overheating 
of the water, so as to generate steam, will doubtless prove very 
efficient, when the thermostat is fixed upon the hot-water pipe. 
But as a means of regulating the temperature of a room or build- 
ing, it seems to me to be of little value for several reasons. First, 
the thermostat working by the difference of temperature between 
the fire room and the pipe will cause the temperature of the water 
in the pipe to vary with that of the fire room, and presumably of 
the external air, so that the colder the weather, the less will be 
the temperature of the water circulated through the pipes,— 
directly the reverse of the requirements of the case. 

Again, the demands for heat vary with the hours of the day. 
Frequently a cool morning will be sueceeded by a very warm 
afternoon, and unless the thermostat be often adjusted, the heat- 
ing will be quite too regular for comfort. But there is a greater 
objection to the arrangement. It is the nature of a hot-water 
apparatus not to permit sudden changes in supply, whatever the 
demand. The chief recommendation of this method of heating 
heretofore has been that if the fire be left to go out, the effect will 
not be felt for an hour or two; and, per contra, it takes an equally 
long time to get up a comfortable temperature in a cold room. 
Now the thermostat arranged as described may keep up an even 
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temperature in the pipes while the fire holds out to burn, but it 
cannot do more than keep up a practically constant heating power 
in the room, which is, frequently, just what is not wanted. More- 
over, the adjustment of the thermostat will not make itself felt for 
some time after it is made. 

Mr. Hawkins speaks slightingly of the electrical regulation of 
steam heat, and feelingly remarks upon the constant recurrence of 
maximum and minimum temperatures, which he says are “ quite 
beyond the limits of comfort.” Now it happens that I have had one 
of these—Johnson’s—in my house for three seasons, and I have not 
found it a very delicate instrument to manage, or a severe trial to 
the nerves. It is true it will not keep the house cooler thav the 
external air, nor when the radiation from the closed registers and 
heated tloor above the boiler is sufticient to carry the temperature 
above the standard does it prevent the house from becoming too 
warm, but it would be perfectly easy to so arrange it that at such 
times it would adinit a supply of cold air, and thus overcome this 
objection. Many of them are put up, one in each room, connected 
with the steam valves of the radiators, in which case the temper- 
ature in the room has been known not to vary one-ha// a degree all 
day long, which variation, I submit, is not “ beyond the limits of 
comfort.” If Mr. Hawkins can keep a room heated by hot water 
within the same limits, he will deserve the thanks of all those who 
use that method of heating. 

Objection might also be taken to the statement that the hot- 
water system “is now rapidly supplanting the steam system, par- 
ticularly for residences.” Such is, I think, not the fact except 
possibly in certain localities in New England, where cousiderable 
effort has been recently made to introduce certain kinds of bot 
water heaters. These things go very much by fashions, like styles 
of architecture. Some thirty-four years ago, after Hood had spent 
ten years of earnest endeavor to introduce hot-water heating into 
England, Mr. Charles Tomlinson in his Cyclopedia of Useful Arts, 
wrote : “ The method of heating by steam pipes has long given way 
to hot-water apparatus.” At that time it was fashionable in this 
country also. But hot water again gave way to steam, and 
was relegated mainly to the heating of greeu-houses ; even these, 
however, are now being heated extensively by steam in preference. 
So far is hot water from displacing steam at the present time, that 
several times as many new buildings, and even dwellings, are being 


fitted with steam as with hot water. Neither steam nor hot-water 
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heating is very new. In a former discussion on this subject,* it 
was pointed out that steam heating was used in Pompeii; how 
much older it may be we do not know. So far as I am aware, the 
first use of a circulation of hot water in pipes was by M. Bonne- 
main, in France, who used it for hatching chickens. Some inter- 
esting discussions of the relative value of the systems for heating 
from central stations will be found among the papers of the Wash- 
ington meeting, June, 1887. 

The worst thing which can be said against steam in a dwelling 
is that which has been pointed out in the paper—the difficulty in 
tempering its heat to very moderate weather. But even this is 
perfectly overcome by an arrangement now quite generally used, 
of enclosing the boiler and a sufficient number of steam coils in a 
brick chamber, from which heated air is taken to the living rooms 
and main hall. In moderate weather the boiler itself, without 
making steam, gives sufficient warmth to the air for comfort—in 
that case becoming for the occasion a hot-water apparatus—while 
its full power is available in cold weather to supply steam for every 
room. With this arrangement for detached buildings, or the sup- 
ply of steam from street mains where it can be obtained, and the 
electrical controlling apparatus, properly applied, it would seem 
that nothing further could be desired in the way of domestic 
heating. 

Mr. E. L, Dent.—I would like to ask what change of tempera. 
ture is required to make this apparatus work. 

Mr. Hawkins.—I will say in that connection that I expected to 
be able to report on a series of experiments on an operating in- 
strument by this time, but I have not succeeded in getting the 
work done in time; but I can say I have made some crude ex- 
periments in which I have found that with a smaller helix of about 
an inch in length, the material being about ,', of an inch thick, 
half brass and half steel, and the width of the strip about 4, of an 
inch, coiled in about a }-inch diameter coil—with that arrange- 
ment could be gotten motion through an angle of a little over 
180 degrees with about 100 degrees variation in temperature. 
I saw a metallic thermometer made in about that proportion, and 
the index motion multiplied the rod wotion eight times, so that the 
pointer passed through 180 degrees of are with a 100 degrees varia- 
tion in temperature, the helix being wholly immersed in water 
passing through the pipe. 


* Transactions A. 8. M. E., Vol. VI. p. 861. 


‘ 


AUTOMATIC REGULATOR FOR HEATING APPARATUS. 439 


Mr. Wm. Kent.—I would like to ask why the hot-water system 
has come into use so slightly in competition with steam heating. 

Mr. Hawkins.—I ean only say in reply to that, that I have been 
as entirely ignorant on that question as Mr. Kent, and that my 
having anything to do with this at all has simply arisen from 
my deciding to take a hot-air apparatus out of my own residence 
and look up what was best to replace it with ; intending to use 
either steam or hot water, and in my inquiries I found that in the 
northern and colder climates, hot water was used very much more 
than it had been, and was going into use still more. 

Mr. W. 2. Warner.—In answer to Mr. Kent’s question, I would 
say that this subject has been brought to my notice before. One 
of the objections to the use of hot water is that you must always 
have the radiators full of water from the top of the house to the 
bottom, and in case there is any leak, you are liable to be flooded. 
Another is, that in case you wish to shut off the water from any 
of the upper rooms, you are liable to freeze; then you will be 
flooded. I have learned of no method of obviating those two 
objections. They are not generally spoken of by the agents of 
the hot-water system. In the use of steam, no such accidents can 
happen. 

Mr. Hawkins.—I would not like to have it understood that I 
have prepared this paper merely to advocate the hot-water sys- 
tem. I merely said what I did in reference to its coming into 
more universal use than heretofore because that was what I found 
in my investigation, particularly in Canada and the Northern States, 
where the weather is very cold in the winter season. I am not 
particularly an advocate of it, although I believe, everything con- 
sidered, that it is the best method of warming residences to-day. 
While it may be true that an engineer, such as we know Mr. Bab- 
cock to be, could have his electrical apparatus in his house and 
receive the best kind of satisfaction from it, it is nevertheless true 
that in the large majority of houses where there are no such engi- 
neers, the reverse would be the case, and that the electrical appa- 
ratus would be very likely to get out of order when there would 
be nobody sufficiently skilled to attend to it. Very few could be 
as much interested in making a steam plant successful as Mr. 
Babcock. 

Then I think he makes a mistake to some extent in stating that 
the length of time required for a change of temperature in the 
radiator is so great. If what the hot-water people represent be 
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true—I cannot state from personal observation—and the appara- 
tus be properly piped, the cireulation due to change of tempera- 
ture is very rapid, and the temperature of a pipe 100 feet from 
the furnace will change in a very few minutes from a small change 
in the vondition of the fire. That is what they represent, and, so 
far as I have gone in investigating it, I think it is true. 

Mr. Jacob Reese —1 wish to say here that 1 differ from Mr. 
Hawkins in one statement that he has made. He states that he 
thinks that is the very best method of heating. In Pittsburgh 
we heat our houses with natural gas. 1 think that is a great deal 
in advance of the gentleman's system. 

Mr. J. 1. Gobeille —As a matter of fact, in northern cities- 
Montreal and Quebee, for instance, heating by hot water is almost 
the rule, and that has not come into vogue only in the last three 
or four years, but las been in use for a number of years. Since 
the winter carnival has been held in Montreal, and people from 
southern climates have gone there and shivered around the 
hotels having a good time, the natives have paid more attention 
to heating, and it is found that nothing will do so much heating 
and give such an equable and comfortable heat, as lot water. J] 
venture to say that in the city of Montreal nine-tenths of the 
heating, as regards the principal residences and hotels, is done 
with hot water. 

Mr, Dent.—In confirmation, also, of what has been said, I would 
say that in my city—Washington—l think there are three hot- 
water plants put in for one steam. It has taken the place of 
almost every other method of heating there. In regard to the 
time of changing temperature, 1 would say that 1 have had appa- 
ratus in which the temperature could be raised from that of cold 
water and complete circulation established, the water coming back 
at a temperature of 125 to 130 degrees inside of 13 minutes. 
I do not think any system could do much better than that. 

Mr. Kent.—I would like to ask Mr. Dent how he gets over the 
difficulty about the leaks, raised by Mr. Warner. 

Mr, Dent.—The ditticulty is simply to be overcome by good 
workmanship. 

Mr, Nent.—W hat as to freezing ? 

Mr. Dent.—1 never had a case of it. There is one objection 
to steam heating for dwelling houses whieh has not been brought 
out, I think, and that is, no matter how well the apparatus is con- 
structed, a very slight degree of carelessness in the management 
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of it will cause water-hammer in the pipes. I think we all know 
how disagreeable that is. Simply the shutting of one valve in 
the radiator will cause that. Nine people out of ten seem dis- 
posed to Inanage the radiator in that manner. 

Mr. I. 2. Minot.—1 do not know but that [ had better expose 
a little of my ignorance here in regard to this matter. I tried a 
little experiment on these heating radiators at one time. As to 
handling the valve at the radiator, 1 would as soon tuink of going 
to a coal mine and telling the miner to send along less coal as to 
attempt to control the heat in the room by operating the damper 
at the boiler. In the arrangement tried, the valve casting was made 
similar to an angle valve—a brass casting with a slide valve in it 
with two openings. I made an instrument with several strips of 
steel and brass perhaps six inches long with the convex sides 
together and a rivet through. I made the thing, I think, fifteen 
inches high. The radiator stood near the grate or mantel and I 
put the instrument on the mantel and fastened it to that. I 
operated the thing for six days, commencing Monday morning 
and running it until Saturday night. The windows were opened 
and closed several times (it was in the winter time) to see how 
nearly I could hold a certain temperature. I believe the proper 
way to do that is to get some apparatus which will keep the room 
at some proper temperature—wherever you may determine it to 
be—-by using an adjusting screw to set the valve to the tempera- 
ture required. As I say, the valve had two openings, with a small, 
V-shaped notch at the bottom of each one, and the bottom notch 
was for the purpose of draining the water out of the regulator. I 
put a glass head in the outer end so that I could watch the result. 
Condensed water would dam up against that opening until it got 
perhaps a spoonful : then it would go out with a kind of a gush and 
be all clear until it filled up again, and I could hold the tempera- 
ture of that room within two degrees of any temperature I desired 
from morning until night. I do not believe there is a bit of trouble 
in doing that. The unequal expansion of the metal would control 
that just as you want it, adjusting by a screw. You would have 
to do that to get the right temperature. You might get the room 
to 100, or down to 50, but there is not a bit of trouble in doing it. 
You can all very readily see how sensitive you could make a thing 
of that kind and still have it positive. I would not expect as good 
a result from any helix, such as this gentleman speaks of, because 
I do not believe it would be positive enough. There is nothing 
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like getting the expansion of a straight rod or something of that 
kind that cannot possibly get away. If you fasten the upper end 
of this arrangement I speak of to something which is immovable, 
the other end has got to go wherever you desire it. 

Mr. Reese—Another question arises here: How is water com- 
pared with steam, in respect to cleanliness? I presume this 
room is heated by steam. You see the dark clouds on the wall 
of this room over the radiators. We used to have a great deal 
of dirt about Pittsburgh, but now we protest against anything 
that looks like dirt, because our natural gas burns in a beautiful 
sky-blue flame. We whitewash our fire-places and grates, and dip 
brickbats into lime and fill up the grate with chunks of stone or 
brick dipped in lime, and it is all white and beautiful, a thing of 
beauty and a joy forever to those that have it. A radiator creates 
acurrent of air and draws the dust from the floor and darkens 
the wall where the dusty current strikes it. Hot water probably 
does not do that as much as steam, and that would seem to be 
quite an advantage. 

The President.—Very few places are favored like Pittsburgh. 

Mr, Reese.—Yes, very few. 

Mr. Minot.—I do not think the steam in the radiator has got 
anything to do with the black deposit on the wall any more than 
any other heat would have (the temperatures being the same). 
We see the black and light streaks on the ceiling; the plastering 
being open or porous, the air passes through more freely between 
the timbers, being rarefied and moving with considerable rapidity. 
The small particles of dust or dirt cannot get through as small a 
hole as the air. Hence the deposit. The air splits and goes each 
side of the timbers and takes the fine dust with it. Hence the 
light streaks at her timbers. 

Mr. Hawkins.—Referring again to Mr. Babeock’s discussion, I 
think he lost sight of one statement in that paper. That arrange- 
ment could be made with this apparatus by which the instrument 
could be controlled from the apartment which was to regulate 
the temperature of the remainder of the house. It would be a 
very simple thing, of course, to make connection from the bottom 
of this helix up into the room and have a little handle or index to 
set it by. This could be done with great facility. I do not 
know of any apparatus that could be put in a house with better 
facility for varying the temperature of the rooms with small varia- 
tions of temperature of the outside air. It is necessary sometimes 
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to have a low rate of combustion during the night. We would 
only have to put the pin in the proper hole to maintain it at that 
temperature during the night, and set it back again in the morn- 
ing. 

With reference to Mr. Minot’s remarks about regulating at the 
radiator, there are a great many methods now in existence for 
regulating the temperature of a room at the radiator, but I do not 
know of any that have been successful. They are too compli- 
‘ated, and require too much attention. They are open to the 
same objection I made to the electrical apparatus; but if Mr. 
Minot has a successful one, I think it is to be commended except 
in this regard—the maintaining of the temperature in an apart- 
ment, uniform, is not the only thing. To a great many, perhaps, 
it is the only consideration. Bet to a great many others, the 
question of the burning of fuel is another consideratien; and if 
we regulate at the radiator, our fire is not taken care of, unless we 
have a separate regulator at the boiler. With a hot-water appa- 
ratus it would not be taken care of if we regulated at the radiator. 
The fire goes on unless the dampers are manipulated, and with 
the apartments well regulated as to temperature we might burn 
the house down or explode the boiler with the state of the fire 
neglected. 

Mr. Minot—There should be a regulator at the boiler, of course. 
I noticed that in these experiments of mine the pipe farthest from 
the valve when it was nearly closed off would begin to cool off 
first, and I could hold three pipes, quite warm, next to the valve. 
[ did not notice less than three pipes. I had supposed it would 
take a line diagonally, 7.¢., heating one pipe a part of the way up, 
tle next pipe to it a little less, ete., but instead of that it would 
heat the three pipes straight up and down. 

Mr. J. T. Hawkins.*—Mr. Babeock, I think, somewhat misunder- 
stands, or at least under-rates, the value of the instrument. The 
thermostat does work by the difference between the temperature 
of the fire-room and the pipe within it; and the former will vary 
with the temperature of the outside air, although not so greatly ; 
but he seems to forget that provision for this very variation is 
made in the changing of the position of the lower end of the 
helical coil, from either any change in the temperature of the 
outer air and with it of the fire-room or desired change in the 
temperature of the apartment to be warmed. The temperature 


* Author’s closure, under the rules, 
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of the fire-room will presumably change appreciably only with 
a change in the temperature of the outer air, and therefore an 
adjustment of the lower end of the thermostat coil is all that is 
necessary at any time to keep the apartment at the desired tem- 
perature, for a given temperature of the outside air or of the fire- 
room as governed by the latter; so that I do not see how he can 
possibly arrive at the conclusion that the result will be directly 
the reverse of the requirements of the case, so long as provision 
is made for changing the adjustment of the instrument to corre- 
spond with changes in the outside temperature. If cool mornings 
are often succeeded by warm afternoons, a few days’ use of the 
instrument will enable a person who attends to the fire some two 
or three times a day (as must be necessary in every case), to 
adjust the instrument so as to provide for a proper temperature 
in the apartment until the next operation upon the fire becomes 
necessary, While the instrument will take care of both the fire and 
the apartment meanwhile, and this is precisely what it is designed 
to do, and what has so far not been done with hot-water appa- 
ratus at all effectually. 

To Mr. Warner’s remarks; I will say that one is quite as likely 
to be flooded by steam-radiators as with hot-water. It is ordi- 
nary practice to set the safety-valves of steam-heating boilers, when 


‘used exclusively for that purpose, to blow off at about ten or 


fifteen pounds gauge pressure, while in many situations where 
steam from the same boiler is used for power and other purposes, 
particularly where it is furnished through street pipes, it is 
delivered to the radiators under much higher pressure. In the 
former case, the pressures named will support a column of water 
from twenty to thirty feet; and whenever, under such circum- 
stances, but one valve of a radiator is closed—either the steam or 
water—as is so often negligently done, the steam radiators will 
fill with water quickly, if the steam-valve only be shut, from the 
condensation of the steam within the radiator, and the steam 
pressure in the boiler forcing the water bodily up to fill the vac- 
uum; and less quickly, if the water-valve only be shut, by the 
accumulation of condensed water merely. Now, under either of 
these conditions, we are much more likely to have flooding occur, 
because a slight steam leak at the stuffing boxes of a steam- 
radiator is not noticed so long as only steam escapes; which by 
some is considered more beneficial than otherwise, as serving to 
moisten the air of the apartment ; but, whenever the radiator may, 
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from either of the above causes, become filled or partially filled 
with water, and a leaky stuffing box exists, a flooding is inev- 
itable, particularly as such is not looked for; while with a hot- 
water apparatus, a slight leak is likely to be detected at once and 
corrected, This, of course, is characteristic, particularly of what 
is known, in steam-titters’ parlance, as “two-pipe work,” and 
which, for many reasons, is much preferred to “one-pipe work,” 
in which latter the admission of steam to, and discharge of water 
from, the radiator is performed through one and the same pipe. 
In the latter, however, a similar result obtains from a defective or 
incomplete closing of the single valve, permitting the radiator to 
fill with water, from condensation, faster than it can pass through 
the opening of the incompletely closed valve ; in fact, filling of the 
radiator with water in the “two-pipe”’ system will also oceur 
from an incomplete closing of one or both valves, in the same 
way. So that it is quite wide of the actual facts of the case to 
say that “in the steam system no such accident can happen,” for 
the writer has had cause to know, to his cost, that such accidents 
not only can, but are very likely to happen. 
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CCXCITI. 


A NEW METHOD OF INSERTING AND SECURING 
CRANK PINS. 


BY C. C, COLLINS, NEWARK, N. J. 


(Member of the Society.) 


Some time since, in making some experimental machinery, it 
was found desirable to use a crank shaft in which the crank pin 


could be changed, sometimes using 8” throw and sometimes using 
12” throw. That is,in a part of the experiment, the piston, which 
was 14” diameter and loaded to 250 pounds to the square inch, 
would have a stroke of 24°; then it would be changed to 16”, 


these changes being made a number of times. 

It will be seen that, with this pressure, whatever method of secur- 
ing the crank pin might be adopted, it must be one which, when 
the pin was in place, must be practically unyielding and not liable 


to work loose; at the same time it 


should be one which would allow 


i. of easy removal of the pin without 


injury to either crank or pin. 
The plan which was adopted will 
be readily understo« rd by reference to 


the accompanying sketch (lig. 110). 


The holes in the crank J) were 


bored taper, largest at the back 
Fig. 110. side. The bush B was also bored 


i taper, and turned on the outside 
a ‘ tu fit the taper hole in the crank, 
7 so as to bring the edge to within 
‘ about 4" of the front face of the crank. In fitting this bush, the 
a taper hole in the crank was scraped so as to insure the absolute 
i truth of crank pin in relation to the shaft. The pin A was then 
d turned and fitted to the bush 2, so that the shoulder should be at the 
q same distance from the edge of the bush that the face of the crank 
was, viz., "3 this bush was then cut from end to end, so as to give 


4 it a chance to expand or contract, and it thus became a circular 
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wedge between the crank and the pin. The end of the crank-pin 
is fitted into the nut C, care being taken that the thread is a good 
fit. It is better not to make the pitch of the thread too coarse. 

Now insert the pin A, and place the circular wedge P in at the 
back Letween the pin and crank, and force it well home by means of 
the nut,and you have a pin as rigid as if it had been put in by means 
of shrinking, or foreed in by hydraulic pressure, and yet one easily 
removed without injury either to pin or crank. 

This particular pin was never subject to a continuous test in run- 
ning, but it showed, under a variety of trials, that it would stand 
up to its work without fault. 

I believe that this method employed on built-up double crank 
would be of great utility, especially where for any cause crank-pins 
have to be renewed. 


DISCUSSION, 


Mr. EB. Fuwcett.—The new method of inserting and securing 
crank-pins, presented to this Society by Mr. Collins, deserves to 
be greatly appreciated, as it is certainly one of the best for secur- 
ing and removal of pins without injury. In my practice I have 
used, on an ordinary taper pin inserted directly in crank, a nut, 
one end cone-shaped and fitting to a corresponding counter-sink 
in crank, with good results. 

Mr. -J. 7. Hawkins.—My. President, I would like to say one 
word with reference to this matter. This method of inserting the 
crank-pin, as shown in the diagram, I should criticise in this 
respect—that it detracts very much from the amount of bearing 
that the pin has in the metal of the crank, and there are very 
many situations where it would be inadmissible to have the nut 
project bevond the face of the crank. As shown in the sketch, it 
takes away at least one-third of the bearing, and makes it ex- 
tremely short compared with the remainder of the pin. Isheould 
say, in situations where the thread could be extended entirely 
outside of the metal of the crank and have a proper nut project- 
ing, that it would be an excellent device. 

Mr. H. P. Minot.—A good many of these gentlemen here have 
put in crank-pins. I have put in a few myself. I have always 
had pretty good success with a pin by giving the proper amount of 
shrink and making a straight hole. I cannot see any particular 
benefit in this arrangement. It certainly is more expensive. 
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There is no trouble in putting a pin in without anything except 
the pin and the hole, and getting it perfectly tight, so that it will 
stand all the duty. I have seen pins get loose by overtaxing the 
engine, and being crowded off sidewise. It seems to me that this 
is taking a roundabout way to get at it. I believe the shortest 
cut to anything to be the best way. 

The Chairman.—Mr. Minot forgets that this was a peculiar pin 
to fit a certain place. It was a pin designed to move from one 
hole to another, giving the engine two different strokes. Ie sim- 
ply presents the paper as a way of doing that particular thing, 
and not for crank-pins in general, although he suggests it might 
be a good way for crank-pins in general. 

Prof. Hutton.—I should like to ask Mr. Minot what allowance 
he makes in practice for shrink. 

Mr. Minot.—1 think about .; of aninch to 10 inches in diameter, 
possibly a little more than that, would be, in my judgment, about 
the right thing. I think it is weakening to the material to get too 
much shrink. [ have seen cranks broken by shrinking them 
on the shaft. It is an easy matter to do it if you get too much. 

Prof. F. R. Hutton.—The reason I asked the question was that 
one of the members of the Society was in its office the other day, 
and was talking about a little experience which he was then under- 
going. He had been asked to cast paddle-wheel centres for a 
river boat engine, and the specifications called for a shrunk 
wrought iron ring over the hub and the outside. He had finished 
his casting, and made what he considered a shrink-fit for the 
ring. [le made an allowance of 1} inch for shrinkage on the cir- 
cumference of 10 feet in diameter, aud delivered the job, with the 
ring shrunk on, to the parties. They proceeded to take a 38-pound 
sledge hammer and see whether that shrunk ring was a tight fit. 
The allowance which he had made was just sufficient so that the 
strain on the wrought iron shrunk ring should not exceed the elas- 
tic limit of the material. The strain which the person to whom 
he was furnishing the wheel wanted was such that it would resist 
a sledge-hammer blow, and in order to get that amount of shrink 
fit, the amount of allowance would have to be so great that prac- 
tically the iron band was stretched up to its elastic limit before it 
was put to service at all. The question of shrink, this gentleman 
said, was one that could very properly be ventilated in the So- 
ciety, and a little knowledge extended as to the amount of strain 
which a shrunk ring ought to be exposed to. When the first ring 
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was removed, it showed that it was still } of an inch less in cir- 
cumference than the casting which it was to fit. The member 
whom I am quoting uses an allowance of ;,\j5 of an inch to the 
inch. 

Mr. G. M. Bond.—Referring to shrinkage allowance for locomo- 
tive tires, I have here a circular which was issued by the Secretary 
of the American Railway Master Mechanics’ Association, date of 
September 15, 1886, in which the shrinkage allowance is given, 
.determined upon for the different sizes of driving-wheel centres 
adopted for standard locomotives, the smallest size being thirty- 
eight inches and the largest sixty-six inches diameter. Tle allow- 
ance given for shrinkage for steel tires, in order to insure a perfect 
fit—that is, tight enough to stand the required service—is, for a 
38-inch wheel centre, 0.040 of an inch; for a 44-inch, 0.047 ineh; 
for a 50-inch, 0.053 inch; for a 56-inch, 0.060 inch; for a 62- 
inch, 0.066 inch; and for a 66-inch, which is the largest size 
adopted as standard, 0.070 inch in diameter; making the 
shrinkage allowance about Jj of an inch per foot of diameter 
of tire or wheel centre. 

This is the average of the practice of a number of best locomo- 
tive builders and managers of rolling stock of this country, and 
was determined upon by a committee of the association referred 
to, including Mr. James N. Lauder, Superintendent Rolling 
Stock of the Old Colony Railroad, Mr. Jacob Johann, now Super- 
intendent of Motive Power, Texas & Pacific Railway, and Mr. H. 
N. Sprague, Superintendent of the H. K. Porter Locomotive Works, 
in Pittsburgh. Mr. Lauder, in his former experience, used a little 
less than the allowances mentioned, and Mr. Johann a little more, 
but with a tire so shrunk on, I think there will be no trouble ex- 
perienced in regard to its becoming loose, nor to its being unduly 
strained with such shrinkage. 

I think it would stand a little more than that; I think where 
there is plenty of metal around the pin a greater allowance could 
be safely made ; but in the case of steel tires, of course there is a 
greater amount of surface in contact, and the section of the tire 
is small in proportion to its diameter, so that it is important that 
the strains should be kept well within the elastic limit, to prevent 
possible breakage under the conditions of severe cold weather. 

Mr. Lauder states that tires have never become loose in his 
practice, and this would be within nearly the same limit, corre- 
sponding closely with the practice in Germany. 
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Mr. Wm. Kent.—The shrink is 5 of an inch to the foot / 

The Chairman.—Yes. 

Mr, Hent.—That is part »hy part of the whole. Allowing steel 
to have a modulus of elasticity of thirty millions, that would be 
equal to a strain of a little more than thirty thousand pounds to 
the square inch—whiclf would be under the elastic limit of most 
tire steel. That would be very safe. 

Mr. Jacob Reese—In determining the relation of shrink to 
the tensile strength of iron and steel, I have no direct ex- 
perience in that line, but I presume shrinking is always done, 
where it is expected to be anywise accurate, at a certain given 
temperature. The strength of iron and steel will vary with the 
temperature. In determining the strength, or the limit or the 
modulus of elasticity, it should be done at a given temper- 
ature. There ought to be a zone of temperature for all tests, and 
all tests should be adjusted to that. Now, why is that? Because 
temperature being the measure of molecular velocity, as weight is 
the measure of matter, the molecular activity is greater at one 
temperature than at another, and the strength of the material 
will depend upon the molecular activity. A body of iron is not a 
continuous body. It may be physically divided, the end of 
physical division being the molecule. That may be divided by 
chemical action ; the end of that is the atom. Neither the atoms 
nor the molecules exercise any energy. They are inert per se. 
Their energy is derived from the physical forces that they are 
endowed with. Consequently, the greater the distance these mole- 
cules or these particles are one from the other, the less the 
strength of the material will be. So that this question of temper- 
ature has a great deal to do with the strength of the material. It 
also has to do with the expansion and contraction; for every 
additional unit of temperature produces an increased distance be- 
tween the molecules or the atoms, and consequently they will go 
and come with every change. We find that carbon has a great 
deal to do with that, and when we talk of giving a certain expan- 
sion, it depends largely upon the carbon ; it depends largely upon 
the other constituents which are in there, and the reason why one 
temperature will not answer in one case and will in anotlier, is 
because one metal is higher in these elements that give this differ- 
ential expansion than another. 1 remember buying an engine 
some years ago and looking at its pedigree, as they say up here 
in Kentucky about the horses, I found that it was born the same 
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year I was—1825—and the crank pin was evidently shrunk in, 
and it is working in Pittsburgh to-day as sound as it was when it 
was put in. You could not better that. It was put in, evidently, 
with a certain shrinking to suit that class of iron. I know of 
another case where the most expert mechanic we had in Pitts- 
burgh shrunk a crank pin in, and the whole thing burst and cost 
me about $5,000 for repair. He did not know what he was 
doing; the other fellow did, 

Mr. Bond.—I would like here to give the figures for one size 
wheel centre in the German practice to show how much they con- 
sider is the tensile strain per square inch of section with the allow- 
ance for shrinkage they have adopted. For a locomotive wheel 
centre, the diameter of which is equal to 69.04 inches, the shrink- 
age allowante in inches is 0.059, which is a little less than that 
adopted by the Master Mechanics’ Association, being about 0.01 
inch per foot of diameter of tire. They have made a great many 
experiments to determine the amount of compression of the wheel 
centre under this strain. It is found to be, in the size mentioned, 
equal to 0.01 of an inch, decreasing the diameter of the wrought 
iron wheel centre by this amount, and the strain in tons per 
square inch of section of the tire so shrunk is given as 9.2, and 
for other sizes down to 35-inch wheel centres, the strain varies 
from 9.2 to 10.8 tons per square inch. 

It thus appears that they have made careful tests relating to 
this subject, and that their shrinkage allowance is but a little less 
than that of the practice in this country. 

Prof. Siveet —In a case where it became necessary to remove a 
certain locomotive wheel at Syracuse, they found it impossible to 
remove it from an axle with the means at hand. They then cut 
off the tire and the wheel was removed without the aid of any 
mechanical means whatever, which showed that the hole inside 
of the wheel had been compressed on the axle. . 

Mr C. C. Collins.*—In reply to the objection of Mr. Hawkins, 
“that the use of a nut as shown in sketch diminishes seriously 
the effective bearing of pin in the crank,” I would say that in 
practice the cases are few where the nut could not project beyond 
the crank, and in such cases good results can be secured by bor- 
ing the crank straight for the depth required by the nut and hav- 
ing the nut a snug fit in this straight bore ; also that a hole could 
be drilled through the centre of the pin and a button-headed bolt 


*Author’s closure under the Rules. 
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used, with the head bearing against the circular wedge and the 
nut at the outer end of crank-pin. 

However it was not designed that this method of inserting pins 
should be substituted, in ordinary practice for the usual methods 
of shrinking or forcing in the crank pins ; but for these cases, and 
they are quite numerous, where the pin has to be even occasion- 
ally replaced. 

I believe that for “ built-up” double cranks, no better method 
has yet becn devised, as where there are three disks, with their 


pins and shafts, it requires very expensive appliances and very 


good workmen to secure a good job, by shrinking or forcing in the 
pins ; but should this method be adopted it comes within the scope 
of any ordinary shop. 

I have found in shrinking in pins, for moderate sizes, if the end 
of the pin can be driven into the bore of crank from half to three- 
fourths of an inch by easy driving with hand hammer, it will be 
as snug a fit as can be desired. This is something less than a hun- 
dredth of an inch allowance. I also have been accustomed to turn 
a slight groove next to the shoulder of the pin that comes against 
the face of the crank. This groove should be about | inch wide 
and ,'; inch deep, with filleted corners. With such a groove, it 
takes a large increase of power to withdraw the pin over that 
required when there is no groove, 
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CCXCIV. 
A SAFETY CAR HEATING SYSTEM. 


BY HENRY R. TOWNE, STAMFORD, CONN. 


(Member of the Society.) 


In response to the urgent demand of the public, emphasized 
in several of the States by legislative enactments, many im- 
provements have recently been devised in methods of heating 
railway cars. The terrible loss of life which has resulted from 
railway accidents in which the cars have been set on fire by the 
stoves used for heating, has led to an imperative demand that the 
ordinary car stove shall be abolished. Experience has already 
settled conclusively that this change is not only easy of accomplish- 
ment, but also that the economy resulting therefrom is so great as 
to make it directly to the interest of the railroad companies to effect 
the change as quickly as possible whenever they are satisfied that 
the system which they propose to adopt lias been perfected to a 
degree which makes it probable that the work done now will 
prove permanently satisfactory. 

When the project was tirst mooted of using steam from the loco- 
motive to heat the ordinary passenger train, consisting often of ten 
or twelve coaches, grave doubts were expressed as to the ability of 
the present locomotives to respond to the extra duty which would 
thus be put upon them. The earlier students of this question, 
among them the writer, were therefore compelled carefully to con- 
sider the questions of thermodynamics which were involved, and 
to base their further projects upon this theoretical study. The 
writer’s careful examination of this question led him, long ago, 
to the conclusion that the additional duty on the ordinary pas- 
senger locomotive, under quite severe conditions, would not exceed 
tive per cent. of its efficiency. The correctness of this calculation 
has now been corroborated by the results of actual experience, and 
there is no longer any discussion as to the ability of a locomotive to 
furnish the steam needed for efficiently heating the train of cars 
behind it. The experience referred to has also demonstrated that 
the additional coal burned in the locomotive is but a small fraction 
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of the amount which has heretofore been required for supplying 
car stoves, of the best kinds in use, and that this economy in fuel is 
so great as to enable the expense of applying the new system to be 
met out of the savings resulting from it during a few years’ use. 

The system herein described contemplates the retention of the 
well-known Baker heater, or its equivalent, and the use of hot water 
for the local circulating medium within each car, although modifi- 
cations of the system adapt it equally well to the Spear stove, or 
to any other apparatus having a hot-air circulation. The descrip- 
tion herein given, however, will be confined to the system as ap- 
plied to a hot-water apparatus. 

Fig. 111 shows the ordinary Baker stove with the additional fit- 
tings needed to adapt it to this system. The ordinary fire grate is 
retained, and within the combustion chamberC above it is the usual! 
heating coil H, containing the cireulating medium, which is prefer- 
ably ordinary water, salted sutticiently to prevent it from freezing. 
The cooled water, returning after circulation around the car, enters 
this coil at its lower end and passes out of its upper end, going 
again down through the connecting pipe Q, and entering at the 
bottom of the exterior heating coil Il’, through which it again rises 
and passes out at the upper end of the latter, through the pipe Q 
into the standpipe R. At the upper end of the latter is provided 
the usual expansion reservoir, while its lower end connects with the 
system of circulating pipes under the car seats, the return or other 
end of which connects with the lower end of the heating coil H 
previously referred to. The secondary coil I’ is contained within 
an annular steam chamber, outside of which is the usual sheet-iron 
jacket P, with an air space intervening to retard radiation. Steam 
from the locomotive is carried under the train by a supply pipe, 
with which counection is made through the steam pipe B, at the 
head of which isa valve for controlling the admission of steam to 
the steam or “transfer” chamber D, within which the heat of the 
steam is transferred to the water of circulation contained within 
the coil H’. The water of condensation, from the steam or transfer 
chamber, is taken out through a suitable pipe near the bottom of 
the chamber,and may be returned to the locomotive or otherwise 
disposed of. 


At the bottom of the stove, in a narrow space surrounding the 
fire pot, is a gas pipe W, shown in Fig. 111, and also in Figs. 112 
and 113, which are transverse sections of Fig. 111, on the lines 4—4 
and 5—5 respectively. Gas is admitted to the annular pipe W 
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through the supply pipe V,and is utilized by means of any proper 
torm of gas-burner, so that the heat of its combustion is made 
available in the combustion chamber C, just as in the case of the 
combustion of solid fuel on the ordinary grate of the present stove. 
It will thus be seen that the heater or stove in the new system pos- 


sesses three functions, capable of independent or simultaneous 
operation, viz. : 

1. The heating of the water of circulation by means of steam 
from the locomotive, in the transfer chamber D. 

2. The heating of the same circulating medium by the combus- 
tion of gas fuel within the combustion chamber C, 

3. The heating of the same circulating medium by the com- 
bustion of solid fuel of any kind in the combustion chamber C. 

The effect of heat applied by any ov these three methods to the 
circulating medium within the coils H, H’, is identical. The increase 
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in the temperature of the water within the coils changes its density, 
and hence its gravity, thus causing it to rise, the volume of water 
thus displaced being replaced by an. equal volume of cooled water 
flowing back from the car, the action of this part of the apparatus 


being precisely similar to that of any of the well-known arrange- 
ments of hot-water apparatus. 

The application of the complete apparatus to a car is shown in 
Figs. 114 and 115, the former being an elevation of one end of a 
passenger car, with the side removed so as to show the stove and its 
connections, and the latter being a floor plan of the car. One or 
more gas storage tauks C are provided under the car, within which 
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gas, compressed to ten atmospheres or more, is stored for use, both 
for lighting andas an emergency fuel. The pipes from these tanks 
pass through the governor or reducer D, by which the pressure is 
diminished to the desired tension, and from which the gas passes 
through the pipe D’ to the stove, where it can be conveniently 
turned on or off by a cock, in the usual manner. 

An improved method of piping the cars for conveying steam from 
the locomotive, and conveying the water of condensation back to 
it, is shown by Fig. 115. This consists of a double line of pipes, 
extending from the locomotive under each car, one of which is used 
as a steam main, and the other as a return or condense-water main, 
Each of these pipes is interrupted at or near the centre of the car, 
and there connected with a “centre fitting,” having proper ports 
or passages in it, and having, also, two reversing valves, by means 
of which either line of pipe can be connected with the steam pipe 
leading to the transfer chamber in the stove, and the opposite 
line connected with the condense-water pipe returning from the 
stove. The details of this apparatus have all been fully worked 
out, and the “ centre fitting ” constructed, but further description of 
them here will be omitted. In like manner, the drawings indicate 
an arrangement of coupling devices between the cars, whereby 
each pair of longitudinal pipes can be conveniently coupled to 
those on the adjoining car, but these details will not be further 
described in this paper. The main features of the system herein 
described may be utilized either with a single or double system of 
longitudinal pipes, connected between the cars by any proper form 
of coupling device. An end view of a ear titted as above described 
is shown in Fig, 116. 

Although the apparatus above described shows the several devices 
for imparting heat to the circulating medium as being combined 
within a single structure, it is obvious that the same results can be 
otherwise accomplished if preferred. For example, Fig. 117 indi- 
eates the Yoor plan of a car having the gas storage tanks and other 
features above described, but with éwo heaters, at opposite corners 
of the car. Each of these heaters or stoves contains one of the 
circulating coils, both of which are in the circuit of the pipes con- 
taining the circulating medium of the car. One of these heaters 
contains the transfer chamber, within which the heat of the steam 
from the locomotive is transferred to the local circulating medium 
of the car,and which may be located at any convenient point within 
or under the car, This heater may also contain the gas combustion 
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chamber, or, if preferred, the latter may be arranged within the 
other heater, which, as shown in the drawing, consists of the present 
Baker stove, without modification, this being retained only for use 
in case of emergency. 

From the foregoing description the operation of the apparatus 
will be readily understood. The normal method of heating each 


t 

4} ot the cars is by means of steam taken from the locomotive, 

a and imparting its heat, in the “transfer chamber,” to the water 
7 constituting the local circulating medium of the car. During 
i periods of temporary separation from the locomotive, the temper- 
1 ature in the car can be easily maintained by resorting to the use 


of gas fuel, which can be instantly ignited, and as easily and 
quickly extinguished whenever the car is again coupled into a 
train. Finally, to meet the case of an emergency in which the 


. . . . . 

q ear is isolated trom its locomotive, or the latter is without steam, 
q and in which the supply of gas fuel has been exhausted, there 
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remains the ordinary fire-i ox and combus- 
tion chamber, in which solid fuel of any 
kind, either coal or wood, can be utilized. 


Dependence upon steam from the loco- 
motive alone may be accepted for suburban 
and local trains, but for other trains, liable 
to detention, there must be some supple- 


mental heating device, and for these the use 


of gas fuel possesses many advantages. For 
many kinds of service, however, it will be 


necessary that the cars continue to have pro- 
vision whereby, under exceptional circum- 


stances, the temperature can be maintained 
without dependence either upon the loco- 


motive or a supply of gas, and hence it is 


probable that the ordinary stove or its 
equivalent must always be retained. The 
system described combines all of these essen- 
tials in a simple and harmonious manner, 
As the use of gas fuel for the purpose 


herein proposed isas yet experimental, it is 
proper to add that careful calculations have 


determined the fact that it is easily pos- 
sible to provide tank capacity under an 


ordinary car for carrying an amount of gas 
which would maintain the temperature of 
a car in zero weather, without any assistance 


from the locomotive or from other fuel, for 


a period of at least ten or twelve hours, 
and probably for twenty-four hours. The 


gas supplied for this purpose can also be 
utilized for lighting the car, thus eliminat- 
ing the oil lamp, which, with the common 


stove, constitutes at present, in the winter 
at least, the greatest danger to the traveler 


under our railway system as now organized. 


[Nore,.—It is proper to state that the system herein 
described is the subject of application for patents now 
pending in the U. 5. Patent Office, and that the in- 
troduction of the system has passed at the time of 
this writing into the control of a company organized 
in New York. ] 
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DISCUSSION. 


Mr. Geo. H,. Babcock,—Taking high pressure steam from the 
locomotive for heating the cars has seemed to me but changing 
the character of the ‘danger in case of a collision. With the 
stoves there have been many instances of setting fire to the cars, 
and consequent agony and death to many persons. But with live 
steam, the rupture of the pipe or connections releases a death- 
dealing agent quite as destructive as fire. In fact, with the stoves 
there is a chance that the car will not take fire, but with the 
steam pipe there are few chances to escape scalding. An evi- 
dent remedy for this is to take the steam for heating the cars 
from the exhaust pipe of the locomotive below the nozzle. There 
is sufficient pressure for heating purposes, at this point, when the 
engine is at work. When it stops, the supply stops automatically, 
and no possible harm can come of it when there is a smashup. 
There is also an element of economy in this, though it is of Jess 
importance than safety. 

But to make this available it is necessary to use larger pipe 
and some process of storing up heat for use when the cars are 
still. It would also be necessary to have some independent 
means of warming the car before starting out. The plan pre- 
sented in this paper, as well as that in the paper of Mr. Baldwin, 
uses probably the be&8t method for storage by causing the steam 
to heat a quantity of water sufficient to tide over any reasonable 
stoppage. This plan of Mr. Towne’s also provides a means of heat 
ing at any time when the locomotive is detached. The car could 
be heated before starting from a boiler located in the station with 
a series of pipes and couplings, which would have many adyan- 
tages over separate fires, but Mr. Towne’s plan has some othe 
advantages, particularly where the car is liable to be caught out 
in a blizzard. 

The expensive steam chamber, with its supplemental coil, i: 
Mr. Towne’s arrangement, seems unnecessary, as a simple pipe eu 
veloping the stand pipe will give all the surface necessary. I heat 
my conservatory by hot water, which water is in turn heated by a 
pipe from my house-heating boiler somewhat in the same wa 
Fig. 274 shows the heating arrangement. There is only thre: 


. feet in level between the hot and cold pipes of the circuit, and 


these four-inch circulating pipes are connected by a vertical pij) 


| 
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five inches in diameter. Through the centre of this vertical pipe 
runs a two-inch steam pipe connected with the boiler. This three 
feet of two-inch pipe furnishes all the heat necessary to supply 
something over one hundred feet of four-inch hot-water pipe and 
keep the conservatory, 16 « 20, warm. According to the paper of 
Mr. Baldwin, this is sufficient surface for a passenger car. In 
my case the steam is rarely over two or three pounds pressure at 


A, 


| 


Fic. 274. 


the boiler, and the conservatory is about fifty feet distant. It 
would not seem difficult to apply exhaust steam from a locomo- 
tive to heating cars in a somewhat similar manner. 

Prof. R. Hutton.—I might state, in discussion of the paper, 
that last winter—on the 3lst of December—I was asked to look 
into some of the details of this heating system proposed by Mr. 
Towne ; the experiment being to take the vestibule train on the 
New York Central Railroad, which bad been fitted by this system, 
and alongside of it in the yard of the Grand Central Station to put 
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. another train fitted with the ordinary Baker car heater, and to see 
i which of the two systems gave the greatest temperature in the 
i cars in the same time, the conditions being the same. The experi- 
i ment was not conclusive for either, because they both took about 
i the same time—except in so far as it showed that the system pro- 
i posed by Mr. Towne was as efficient as the other system in heat- 


ing «a car from a temperature of 28 degrees inside, which it was 


i when we boarded the two trains, up to a temperature of 55 degrees, 
; when the experiment had to cease on account of the necessity for 
cleaning the ears. 
; Mr. J. L. Gobeille.—I might say the great difficulty in carrying 
r heat by steam is in the connection between the cars—to have a 
fl connection which will not sag when the cars come together and fill 
; up with water from the steam condensation in cold weather | requir- 
§ ing too much power to blow it out). There has to be about six or 
F seven inches leeway in length, I think, and about three or four 
Fe inches laterally. On a road like the one which we came over last, 
i night, it would probably require a little more than that, and there 
i has been considerable discussion as to how to get this joint. A 
ES telescopic joint would perhaps be as good as anything, but such 


joints are apt to wear and leak. I should like to hear some dis- 
cussion as to this question, with sketches on the board, if anyone 
is prepared to give any information. 

Mr. H. P. Minot.—T have given this matter a little thought 
myself. I thought I would connect it with a hose and erook it up 
instead of down, and hold the largest part of the crook, perhaps, 
with a spring which would yield a little as the car swung around. 


: Mr. Wm. Kent.—1 think I would make that joint like the letter 

. S$ laid horizontally, and hang it in the same way. 

: Mr. Towne—In reply* to the foregoing discussion, I have to 
a say that experience has already settled conclusively the most 
- important questions relating to the continuous system of train 
q heating by means of steam from the locomotive. The feasibility 
. 

q of the plan is thoroughly established, and all that now remains to 
‘ 
: be done is the perfecting of the necessary details. 


Mr. Babeock’s objection that the presence of live steam in a car 
constitutes an element of danger, would be well taken if it were 
proposed to carry a considerable volume or pressure of steam 


5 within the car. The system as heretofore used eliminates this 

. danger by locating the steam drum or transfer chamber underneath 

t * Author’s closure, under the Rules. 
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and outside of the ear, all of the steam connections being similarly 
located, and a loop of the water circulating pipes being carried 
through the floor of the ear into the transfer chamber. Even where 
the drum is located within the ear, the volume of steam it contains 
is small, and of low tension. 

As compared with the danger of a stove, containing a large 
mass of solid fuel in active combustion, the steam system under 
discussion is infinitely safer. Even the small element of risk 


which it now contains will doubtless be largely, if not entirely, 


eliminated as the system is further developed by experience. 


CONNECTING RODS. 


CUXCV, 
CONNECTING RODS. 


BY W. F. MATTES, SCRANTON, PA. 


(Member of the Society.) 


Tue object of this paper is to call the attention of engineers to 
a form of connecting rod which has been adopted by the writer 
in his practice at the Lackawanna Works. 

It differs from the ordinary “ marine” rod, first, in having jaws 
of sufficient length to hold both boxes; and, second, in having a 
cap which hooks over projections on the jaws. These projections 
are turned concentrically with the rod, and the cap hooks are 
counterbored to match. The cap is thus held in position by the 
combination of hooks, box-flanges and bolts; but the long jaws 
and the counterbore of the cap relieve the bolts of any other duty 
than merely clamping the parts together, and no particular accn- 
racy need be observed either in turning the belts or drilling the 
holes for them. In large rods, it is sometimes a convenience that 
the cap has less weight than that of the marine type. Ascompared 


with rods having the outer box secured by a transverse bolt passing 


through eyes in the jaws, several advantages are claimed. The 
flat parallel sides of the head facilitate the operations ot forging 
and finishing ; the tensile stresses are taken by bolts, in which the 
required strength can be easily and certainly secured, instead of by 
eyes, of uncertain condition, cut out of a large forging; an un- 
sightly swelling at the end of the rod is avoided, and the weight 
sensibly reduced. Rods with the transverse bolt are frequently 
seen with flat-sided heads, but the result is achieved by a disregard 
of nicety in proportioning which is allowable only in small sizes. 
For the main rods of locomotives having two pairs of drivers, the 
transverse bolt is most convenient, but this is a special case, and 
the precedent should not be blindly followed. As compared with 
the old strap-rod, we find the new form cheaper to fit up and better 
in use. As compared with the solid-head rod, the open end is a 
great convenience, except on crosshead ends where the pins are 
removable; the jaws hold the boxes with equal rigidity, permit 
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the use of full flanges on both boxes, and do away with loose 
collars on the crank pins, 

Fig. 118 shows a plain form of the new rod. This was designed 
for use in pairs, connecting the ends of a crosshead with a pair of 
fly wheels. In such a case it is usually safer to take up the wear 
by liners, rather than by wedges or cotters. The opposing screws 
pass loosely through the caps, and are threaded in the boxes. We 
have discovered no advantage in the use of these screws for low 
speeds, and have had no opportunity to test them otherwise. For 
small rods we prefer the plain, straight caps shown in this figure. 
They are convenient for fitting, and the distribution of metal is 
better than appears at first sight. The bolts have round heads 
slightly countersunk, and are kept from turning by a spline. 

Fig. 119 is the rod used in a pair of horizontal, coupled blowing 
engines, with 52” x 60” steam cylinders. Here a wedge was 
almost a necessity, and to clear the adjusting-screws, tap bolts, 
instead of through bolts, were adopted to secure the caps. As 
before, the holes are loosely drilled through the caps, the holes 
in the rod being threaded by special taps. The bolts are steel, 
34 inches in diameter, and are chased 5 threads to the inch. All 
parts, excepting the boxes, are hammered steel. The wedges are 
full width, and threaded for the adjusting-bolts, which are in ten- 
sion. The boxes are “ Eureka” steel cast, fully faced with babbitt. 

Fig. 120 is a rod designed for a double crank, where a longer 
journal, and consequent wider head, admitted four through-bolts, 
spaced to clear the wedge-adjusting screws. The crosshead end 
has the wedge under the cap—an arrangement that tends to 
preserve the correct length between centres of journals. Practi- 
sally the same end may be secured in a rod like Fig. 119, by the 
occasional introduction of a liner between the cap and the box. 

In Fig. 121 is shown the crank end of one of a pair dropped from 
the overhead beam of a compound engine. The cap is formed 
with an eye, bushed with hardened steel, to which is secured the 
forked end of a smaller rod for driving the air-pump. At each 
mid-stroke the thrust of the air-pump is delivered at an angle of 
about 45° tothe cap ; thus imposing a somewhat unusual test, but no 
loosening has been developed. The method of lubricating this 
design is also illustrated. The flow of oil to the lower journal is con- 
trolled by the milled head at the upper end of the long tube. 

In Fig. 122 we have one of a pair of short links connecting the 
journals of a beam with a crosshead below. The construction is 
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similar to Fig. 118, except that the bolts pass through both ends, 
and are kept from slipping during erection, or at any time when 
the caps have to be loosened, by the sinall set-screws shown on the 
sides of the heads. 

In the construction of these rods, the head is first forged solid. 
Holes are then drilled for the interior angles, and narrow slots run 


Fig. 121 


to them ; leaving a middle tongue intact, to carry the centre. As 
the slotting, particularly in large sizes, is likely to cause a slight 
springing, it should be completed before the projection cn the 
jaws are turned to a finish, which operation follows next in order. 
The middle block is then entirely slotted out, caps clamped on, 
and the sides planed off together. 
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NOTES ON WARMING RAILROAD CARS BY STEAM. 


BY WM. J. BALDWIN, NEW YORK CITY. 


(Member of the Society.) 


Dvrine the early part of the winter (December, 1887,) the writer 
was engaged in making experiments on the Long Island Railroad 
for the purpose of determining the probable amount of steam re- 
quired for the warming of a train or car, and also to ascertain 
the length of time one of Gold’s storage car heaters would main- 
tain the heat of a car after steam was shut off or the car side-tracked 
and the locomotive removed. 

The better to record the experiments, a diagram was made of 
the day’s observations, a copy of which is hereto appended (Fig. 
123). 

The line of figures at the bottom reading from left to right 
shows the time. The line of figures at the left reading upward 
shows the temperatures in degrees Fahrenheit. The ordinates of 
the lower irregular line show the temperature of the air outside 
the car. The ordinates of the next two lines show the tempera- 
ture maintained inside the car by two thermometers placed in 
different positions, and the ordinates of the upper two lines show 
the temperatures of the surface of the outside cylinders. The 
points at which steam was turned on and shnt off are noted, and 


the amount of steam, in pounds weight, condensed, as found by 
the water condensed, is also shown. 


Before going any further, however, explanation will be given 
in detail as to what the storage heater consists of. Fig. 124 shows 
it in cross section as applied to car 190 of the Long Island Railroad. 
A is a 5-inch diameter boiler tube of any required length (18 or 20 
feet), with a cap on each end; B is a similar tube 4} inches in 
diameter with welded ends, seven-eighths tilled with water and a 
solution of common salt; C is a steam space between the outer 
and inner tubes; D is a block of iron to hold the inner cylinder 
against the internal top of the outer cylinder; E a shield and 
foot-guard, and F a cast-iron stand or leg fastened to floor of car. 
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In reference to the measurements, capacity, etc., of the warm- 
ing cylinders each .764 running foot has one square foot of heating 
surtace ; (2) onerunning foot of length of cylinder has 1.309 square 
feet of surface ; (3) a running foot of the inside cylinder contains 
7.303 lbs. of water, when seven-eighths full; (4) one running foot 
of the inside cylinder and one running foot of the outside cyl- 
inder weigh together 13.4 Ibs.; and assuming that the water is 
put into the cylinders at 62° Fahr., the iron of both cylinders has 
a storage capacity equal to 1.5247 lbs of water at 62°, and (5)a 


st 


Outside cylinder 
nner 
>pace 

Wedge 

Shield 

. Heater stand 


Water 


A 
B 
D. 
E 
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SECTION 


running foot of the heater (including cylinders and water) has 
a heat storage capacity equal to 8.8277 lbs. of water. 

The manipulation and operation of the heaters is as follows: 
Steam is admitted to the space C the same as to any radiator. The 
heat of the steam is at once apparent in the car through the wall 
of the outer cylinder A, while at the same time it commences to 
heat the water in the inner cylinder. When the steam is on for a 
sufficient time, the water in the inner cylinder becomes practically 
as hot as the steam itself, and remains so until the supply of steam 
is cut off, when it begins to give off its heat by radiation, ete., to 
the walls of the outer cylinder. 
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The diagram shows the result in a manner more obvious than I 
van explain, and therefore I will only point to questions which may 
appear to require an explanation or to draw deductions. 

When steain was first turned on, it was unsatisfactory and low, 
the pressure being but 10 Ibs. at the regulator. It gradually in- 
creased however, to 25 lbs. at the regulator and 23 Ibs. at the 
gauge within the car. At 10 a.m. the steam was shut off and 
remained so for three hours, or until 1 p.m. The whole steam con- 
densed for this time (43 hours) was 180 lbs. weight, which was 
condensed between 8.45 and 10 a.m., or 42.35 Ibs per hour. 

During the first hour and a quarter the car was warmed from 
27° Fahr. to 61° Fahr. After steam was shut off the temperature 
of the car advanced about one degree. Then its rate of cooling 
was about two degrees per hour. 

At 1 p.m. steam was turned on again and kept on for twenty 
minutes. The condensation was 67} lbs., and it restored the heat 
to the cylinders for 3 hours longer or until 4 p.., and sent the 


. temperature of the car up to 69° Fahr. This required Jess than 


43 lbs. weight of steam per hour to maintain the heat of the car 
for the time. 

Steam was turned on again at 4 p.w.and kept on for 30 minutes. 
The condensation was then 90 lbs., and it is reasonable to assume 
it would have kept the car warm tor 4 hours from the time of turn- 
ing on. This is an average of 33 Ibs. of steam per hour for a// 
day, or say one horse powe ? per car per hour. 

During the high temperatures on the outer cylinder, it is very 
likely the water is not as warm as shown, and during the process 
of cooling below 212° or (after condensation ceases), the inner cyl- 
inder must be the hotter. Of course this is to be expected when 
steam is on for a short time only. 

The total heat of the steam and the total heat of the cylinders, 
assuming then to be seven-eighths filled with water, in the second 
stage of the diagram shows this. Take for instance the total heat 
of the steam for the second stage of the diagram, and it is about 
67,500 heat units. Then take the water or its equivalent for 78 
feet lineal of cylinders, and it is 688.5 Ibs., apparently cooled from 
243° Fahr. to 112° Fahr. or 181°, equal to 71,593 heat units (or 
apparently more than was in the steam). The heat of the iron 
connections, ete., is not taken into consideration ; but if it was, it 
would only slightly increase the apparent gain and add to the 
apparent discrepancy. 
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The difference, however, is not so very great, but I consider it 
necessary to point it out, to prevent any misconception in the 
matter. 

In the first stages of the diagrams where the steam has been on 
for an hour or so this is reversed, as should be expected, and some- 
what more heat is found in the steam used than in the cylinders. 

Take for instance the 180 lbs. of steam condensed in the first stage 
of diagram. This is equivalent say to 180,000 heat units, as the 
water of condensation was somewhat cooled before the water in 
the inside cylinders heated. Then take 688.5 lbs. of water or its 
equivalent warmed from 27° Fahr. to 260° Fabr., and we have but 
170,410 heat units. 

The deductions to be drawn from the experiment in general are, 
(1) that 2 square feet of surface per running foot of car is more 
than ample for warming, even at this average low temperature. 
(2) That each square foot of surface requires heat for all purposes 
equivalent to about 2.5 heat units for each degree the air of the 
car is colder than the heater. 

31 
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CCXCVIL. 
DUTY TRIALS OF PUMPING ENGINES. 


BY J. 8. COON, BURDETT, NEW YORK, 


(Member of the Society.) 


To those engineers connected with this Society whose interests, 
either as manufacturers, experimental experts, or chief engineers 
at pumping stations are wholly or in part identified with steam 
pumping machinery, the feature of paramount interest in connec- 
tion therewith, from an engineering standpoint, is the ‘ duty ” 
which such machinery is capable of developing. In the early 
experience of the writer, when friends engaged in other and 
quite different branches of engineering inquired what was meant 
by the “duty” of a pumping engine, he was quick to explain 
what it meant; but after having been connected with over a dozen 
different pumping engine tests, he is not quite so sure that he 
knows what he once thought was so obvious. 

Like the horse-power of a boiler, until fortunately this Society 
took the matter in hand and settled it, the word duty as applied to 
a pumping engine, or at least the work of the pumping engine as 
applied to the word “ duty,” admits of vexatious and embarrassing 
elasticity. Exactly what is meant by the word, as it appears in 
water-works contracts, is very rarely clearly defined, and there is 
thus left to the discretion of the expert who makes the contract 
duty test the acceptance or rejection of certain allowances and 
other variables which materially affect the final tabulated results. 
Probably if half a dozen experts, who are familiar with making 
pumping engine duty tests, were to give independently of each 
other their views, in detail, of all the precautions, allowances and 
steps to be observed in making a duty test, no two would agree 
exactly. 

In the matter of starting and stopping a boiler trial, good opinions 
have differed. The same element enters into a duty test of a 
pumping engine, together with many other variables of almost 
equal importance. 

Where a so-called high-duty engine is contracted for, the duty 
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which it shall be capable of developing is specitied in the contract, 
either as so many foot pounds of work for each one hundred (100) 
pounds of coal supplied to the boilers, without reference to the quan- 
tity of water to be evaporated per pound of coal, or in foot pounds 
ot work per one hundred pounds of coal, predicated on an evapora- 
tion of ten pounds of water per pound of coal; in other words, so 
many foot pounds of work per one thousand pounds of water. 

In the former instance, where no reference is made to the quan- 
tity of water to be evaporated per pound of coal, it is not gener- 
ally advisable to make a boiler (or evaporation) test in conjunction 
with the duty test, for almost always the plant is so arranged as to 
supply the feed water to the boilers at a high temperature ; and in 
breaking the feed-water pipe connections, as is necessary in order 
to weigh the feed water, the latter enters the boiler at a lower 
temperature than when working under normal conditions. 

It is true that accurate correction can be made for such loss of 
temperature, and thus make the duty appear what it should be if 
working under normal conditions. But such corrections and inter- 
polations are mystifying to the average water board, and can easily 
be avoided by making the evaporation test separate from the duty 
and capacity test. Since, in general, nothing of vital importance 
would hinge on the boiler test, it might be of shorter duration 
than the duty test. 

Where the duty is predicated in the contract on a certain rate of 
evaporation per pound of coal, it has been customarily based on an 
evaporation of ten pounds of water per pound of coal, without 
reference to the temperature of the feed water or the steam pres- 
sure. When a certain duty is specified, under such stipulations, it 
is not necessary to weigh the coal or take the steam pressure or the 
temperature of the feed water. It is only necessary to weigh the 
feed water, and figure the duty in foot pounds per one thousand 
pounds of water. The feed water might be ice cold, yet the duty 
would be figured the same as if the feed water had been 200°, 

This is a very slack, inexact method of stipulating the perform- 
ance of an engine. A duty so stipulated might, indeed, require an 
engine to be economical in its consumption of steam, but it leaves 
an opening for the engine builder to ignore utterly a vital feature 
of a good pumping plant, viz., means for supplying the feed water 
to the boilers at as high a temperature as possible, and to do so by 


utilizing heat which would otherwise be lost, which, of course, 
means a saving in fuel. 
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If the duty were predicated on an evaporation of ten (10) pounds 
of water per pound of coal from and at 212° /. (or better still, per 
pound of combustible from and at 212°), that at once changes the 
conditions entirely, and compels the contractor to adopt economi- 
cal means for procuring hot feed water. It also changes the charac- 
ter of the duty test. 

It may be urged that in some instances such a stipulation would 
be unjust to the engine builder, as, for instance, where the contract 
for boilers was not taken by the engine builder, or where a new 
engine is supplied to old works having sutticient boiler capacity ; 
but it is equally unfair to compare the performance of different 
styles of pumping engines on a basis of ten (10) lbs. of water 
evaporated per pound of coal without taking into account the feed- 
water temperature and the temperature of evaporation. Thus the 
injustice is manifest of comparing the duty of two engines, on the 
ten to one basis, one of which was supplied with feed water at 200 
F. and used steam at seventy-five (75) pounds gauge-pressure, and 
the other with feed water at 90° F. and steam at 125 pounds gauge, 
without also taking into account the difference in their factors of 
evaporation, which, in the case cited, amounts to about twelve per 
cent., which is the difference between a ninety-million duty and one 
of over one hundred million. 

The method of starting and stopping the trial is of prime im- 
portance. The engine under trial should be given every possible 
chance to do its best, without allowing any guesswork to enter into 
the calculations. Where a running start is made, without drawing 
the tires and kindling new ones, a wide margin for guesswork is 
then possible, particularly if the trial be a short one. If the expert 
has any prejudices for or against the engine which he is testing 
{and such have been known to exist), that bias must necessarily 
enter into his judgment as to the condition of the fires at the close 
of the trial as compared with their condition at the beginning, 
and there is absolutely no way of making those conditiéns exactly 
the same. Whereas, if the test is started with fires newly kindled, 
no element of uncertainty or guesswork enters into the test, and it 
gives no opportunity for unfairness or bias. 

A method of starting and stopping a trial which appears to be 
free from objectionable features was, so far as the writer is aware, 
first used by Mr. R, H. Buel, of New York, in testing the Buffalo, 
Pawtucket and Lawrence pumping engines in 1879. So far as the 
boilers are concerned, it is a modification of the standard method 
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for testing boilers subsequently recommended by the Committee 
on Boiler Trials, of this Society. It is as follows: 

After all preparations for making the test are completed, with 
the engine running, let the fires burn low, until in consequence 
the steam pressure falls to a point where it is little more than suffi- 
cient to keep the engine running. Then stop the engine and 
rapidly draw the fires with closed dampers and ash doors, so as to 
lose as little heat as possible. As quickly as possible kindle new 
fires with weighed wood (charged to the experiment at 0.4 times its 
weight in coal equivalent). At the instant the fires are relighted, 
the test begins at the boilers, time should be taken, the steam pres- 
sure recorded, and the height of the water in the boilers carefully 
noted. When the fires are in sutticiently good condition, and the 
steam pressure raised to nearly or quite the pressure to be main- 
tained during the trial, the engine is to be then started, the 
engine counter taken, and the time also, for this is the beginning 
of the test so far as the engine capacity is concerned. After the 
last firing, care should be taken to leave as little unconsumed coal 
as possible, and when the steam pressure has dropped to the point 
at which it stood when the fires were lighted, time is taken, which 
is the close of the trial both for engines and boilers, the counter is 
read, and the fires are immediately and quickly hauled, so that 
any unconsumed coal may be picked out and deducted from the 
total charged to the experiment. The water level in the boilers 
should be as nearly as possible the same as at the beginning of 
the test, and any difference in level allowed for by calculation, 
and not by pumping or blowing off. 

The reason why it is desirable to start new fires, with as low a 
steam pressure as will keep the engine in motion, is that it gives a 
chance completely to consume all the coal supplied to the furnaces. 
If the trial is started, at the boilers, with a high steam pressure, it 
must end with a high steam pressure, which means a very hot fire, 
and it leaves a good deal of unconsumed coal to be picked from the 
refuse. With a high duty rotative engine, carrying 100 pounds of 
steam, the start and the finish can be made with a pressure as low 
as 55 or 60 pounds at the gange, and thus leave practically no 
unconsumed coal at the finish. 

The above method of starting and stopping can almost always be 
used where no facilities are provided for a weir measurement of 
the water delivered by the pumps. Where the delivery of the 
pumps is to be gauged by a weir notch, it is desirable to make the 
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start, at the engine, with the engine running. If there is spare 
boiler power, theengine can be kept in motion by such boilers as 
are not to be used during the test, while new fires are being kin- 
dled under the boilers to be used during the test. The latter should 
have been under steam at least 24 hours prior to the trial. At the 
instant the new fires are lighted, the stop valve leading to the 
spare boilers is closed, and the test begins, both at the boilers and 
engine, the time and the engine counter being taken. <A test 
started in this way cannot, in general, begin and end with so low 
a steam pressure as by the first method. The steam pressure in 
the spare boilers should subsequently be kept slightly below that 
of the boilers which supply steam to the engine, for obvious 
reasons. 

Where a running start at the engine is imperative, and there is 
no surplus boiler power, the starting and stopping of the trial at 
the boilers can be done under the alternate method proposed by the 
committee of this Society for testing boilers, but in such a contin- 
gency the trial should last longer than would be necessary where 
the start is made with newly-kindled fires, to diminish the percent- 
age of error due to guesswork, 

As to the proper length of a duty test, there has been a growing 
tendency to diminish its length. If the test is made with starting 
and stopping according to the first method described, it would seem 
as though 24 hours were sufficient. There is much to recommend 
a test of that length; for while it is not so long that the expert 
conducting it may not, without much inconvenience, remain in 
constant attendance—a matter of some importance—it is not so 
short as not to give a fair record of the capabilities of the engine 
and boilers. A test very much shorter than 24 hours is open to 
objection, for the early part of a test usually shows a greater appar- 
ent duty than the latter part. This is especially true if the start 
is made by cleaning the fires only, and not rekindling them. 

Another point upon which there is lack of uniformity in the 
published reports of duty trials is the basis upon which the duty is 
figured. This is a matter of great importance, and the report 
should clearly state whether the duty is based on plunger displace- 
ment or actual delivery. There are many situations where it is 
impracticable to gauge the actual delivery of the pumps by weir 
measurement, or reservoir capacity, and where it is also impossible 
to know the loss of action, or “slip” of the pumps. In such cases 
it has been customary either to guess at the slip, or to figure the duty 
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on the plunger displacement. Since, therefore, in some instances 
neither the delivery or slip can be known, in every report a figure 
should be given for the duty based on the plunger displacement— 
not the nominal displacement of the contractor, but by measure- 
ments made by the expert in charge. The difference between the 
nominal and the actual plunger displacement has amounted, in the 
writer’s experience, to more than one per cent.; and unless the 
contract specifies that the duty shall be figured on the water actually 
delivered by the pumps, the work of the engine should be based on 
the plunger displacement. 

The horse-power figured on the work done in the steam cylin- 
ders is the indicated power. The horse-power figured on the 
plunger displacement is the net power. Both of these can in all 
cases be determined, and their difference is the friction of the 
machine. The ratio of the net power to the indicated is the effi- 
ciency of the machine, which ought always to be given, but very 
rarely is, in expert reports. The effective power is figured on the 
water delivered. 

In published reports of duty trials there is also a want of similarity 
in the allowance for friction in the pump. In many reports an 
allowance of one pound per square inch, or 2.3L feet, has been 
added to the total head for friction of the water in passing through 
the pump valves and chambers. In other tests no allowance has 
been made for friction, even where the expert was at liberty to 
use his discretion. In still other contracts it is expressly stipulated 
that, no allowance shall be made for friction. This at once places 
the published duties of some engines in an unfair position for 
comparison, for in the case of a pair of engines known to the 
writer, working under a low head, if an allowance of one pound 
had been added, the duty would have been increased seven (7) per 
cent. over the published figure. It is manifestly as fair to allow the 
pound for friction on a 30-foot head as on one of 130 feet, as the 
pump friction, at the same speeds, would be practically the same. 

The friction of the engine as a whole being also about the 
same under a low head as under a high one, the percentage which 
that friction is of the total work done is greater under a low head 
than under a high one. For this, among other reasons, a high 
head is favorable for the higher duty. Therefore, since the allow- 
ance of one pound for friction tends to offset this advantage, it 
would seem to be desirable to allow it in figuring the duty for 
purposes of comparison. 
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When the contract calls for a specified number of foot pounds of 
work to be done by the engine for each one hundred pounds of 
coal supplied to the boilers, with no reference to the quantity of 
water to be evaporated per pound of coal, that places the plant as 
a whole on its merits, uot merely the engine and_ boilers, but all 
the appliances used in connection therewith. Thus it would seem 
the part of economy to attach the feed pump for supplying the 
boilers with feed water to the pumping engine, and thus gain the 
economy due to having the feed pump driven by the large engine 
instead of having the feed water supplied by a direct acting steam 
pump, whose duty could not exceed ten million foot pounds per 
100 pounds of coal. If this very obvious chance for economy is 
omitted, it would seem that no allowance should be made for the 
steam used by the steam pump in pumping the feed water, for it 
is a part of the plant furnished by the contractor, who has agreed 
to do a certain amount of work with a certain quantity of coal. 
Neither should any allowance be made for the work expended in 
working the feed pump when it is attached to the pumping engine. 

The work done in driving the boiler feed pump, when driven by 
the main pumping engine, amounts, in general, to less than one- 
fourth of one per cent. of the work done in the main pumps. 
To run a direct-acting steam pump for feeding the boilers would 
require, for a 120,000,000 duty engine, two and one-half per cent. 
of the total coal supplied to the boilers. 

The coal and water used per hour per indicated and net horse- 
power are important and interesting information, and very easily 
obtained ; yet this is rarely to be found in the published reports 
of expert trials. Almost all the requisite data are necessarily inci- 
dent to the test. It is only necessary, in addition, to take perhaps a 
dozen complete sets of indicator cards from the steam cylinders, 
and note the simultaneous pump resistance. From these data the 
friction and efficiency of the machine can be obtained, with which, 
after figuring the net horse-power for the whole trial, on the plan- 
ger displacement, the indicated horse-power tor the whole trial can 
be calculated. 

To avoid errors in recording the quantity of water supplied to 
the boilers, the water should be weighed on scales, and not gauged. 
No attempt should be made either to fill or empty the weighing 
tank to any particular figure. The attendant is not nearly so apt 
to omit a record if he fills and empties the tank at random, and 
records the actual weights thus obtained. A time record should be 
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kept on the water-log, recording the time when the weighing tank 
is emptied. 

It is desirable to know the quality of the steam, as to moisture. 
If the steam is superheated, the amount can be determined by an 
accurate thermometer screwed into the steam pipe, rather than by 
a calorimeter. In these days of splitting hairs for any advantage 
which may help to raise the “duty,” where the contractor for the 
engine does not furnish the boilers, and the duty is to be figured 
per 1,000 pounds of steam, if the steam shows any moisture on the 
test, the contractor will probably claim dry steam. Then, for pur- 
poses of comparison, a// duty tests should be figured on a basis of 
dry steam, and the same remarks apply to the coal. The duty 
should in all cases be figured on dry coal. 

The results of the boiler test should be worked out in the form 
recommended by the committee of this Society. 

No attempt is here made to lay down complete directions for 
conducting a duty test, but rather to call attention to some impor- 
tant features which are often neglected, and to others upon which 
there is lack of harmony in their treatment. Without doubt many 
of these unsatisfactory features are due to the fact that duty trials 
are often conducted by civil engineers connected with water 
departments, men amply qualified for the legitimate duties of their 
positions, but whose training and experience do not qualify them 
for expert work of this character. Such tests—and some are of 
very recent date—while they may be perfectly sincere, cannot be 
regarded as authoritative. Where there are so many vexatious 
omissions in the report, is it unreasonable to suppose there may 
have been fatal oversights connected with the tests? The compe- 
tition among engine-builders is so keen, almost bitter, that where 
an extraordinary duty is claimed, too much candor and detail can- 
not be shown in the report of the trial. What is wanted is a 
tabulated statement of the results, plainly given, and an honest, 
clear description of the methods, precautions and allowances 
adopted in obtaining them. 


DISCUSSION. 


Mr. Geo. H. Barrus.—Mr. Coon has brought to the attention of 
the Society, in this paper, a subject which appears to me of quite 
as much interest and importance as that which Jed to the ap- 
pointment of the Committee on Boiler Trials. The object of my 
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discussion is to recommend that a similar committee be appointed 
to determine upon a standard method of conducting duty trials of 
pumping engines. A wide custom prevails among pumping en- 
gine builders of writing into their contracts a guaranty of the duty 
which will be performed by the engine which they contract to 
furnish. It is customary for the public water boards with whom 
the contract is made to have some one, usually the engineer in 
charge, make a trial to determine whether the contract duty is 
realized, before the engine is accepted. In rare instances an ex- 
pert, or a board of experts, is called in to do this work. In the 
case of the former, the engineer seldom follows any guide but 
himself. In the case of the latter, he adds to his common sense 
such information as he or the board may have upon some preced- 
ing tests which have been made, which they think are safe prece- 
dents to follow, and conducts the test accordingly. In either case, 
especially where there is dispute as to the proper method employed, 
no two persons will agree upon the manner in which the test 
should be conducted and the results worked out. If a code of 
rules could be adopted in the same manner as the rules adopted 
by our late Committee on Boiler Tests, it would supply a want 
which it seems to me is an urgent one. A standard method of 
conducting duty trials, which could be referred to in cases of dis- 
pute, would be of great use, and, it seems to me, would be appre- 
ciated not only by engineers and experts who are called in to set- 
tle these questions, but by the manufacturers of pumping engines 
as well. 

A case which has come under my personal observation has 
brought the need of this matter most forcibly to my notice. A 
contract was made between a pumping engine manuiacturer of 
high standing and a public water board, in which it was agreed 
to furnish an engine of the highest economy under a guaranty 
that it should secure a certain stipulated duty. The terms of the 
guaranty were made in language substantially as follows: “The 
main engine will be capable of developing a duty equivalent to the 
lifting of 100,000,000 Ibs. one foot high, for each 100 lbs. of coal 
consumed by the boilers, on a basis of the evaporation of 10 lbs. 
of water from feed water temperature per pound of coal.” The 
interpretation of this guaranty, as made by the expert who was 
employed by the water board to test the engine, was that the en- 
gine and its equipment should perform the duty named, when a 
grade of coal was used which will give an evaporation of 10 lbs. 
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of water per pound of coal into steam of ordinary dryness, no 
allowance being made for steam used by the feed pump or for slip 
or for friction of the water passing from the pump well to the 
water-pressure gauge. This interpretation corresponded to pub- 
lished records showing the manner of conducting trials of many 
other engines of the same build, and corresponded to the meth- 
ods advocated by the builders of the engine themselves, as laid 
down in their printed circulars. The results of the tests were 
several per cent. below the guaranteed performance. When this 
had been determined, the builders objected to the manner in which 
the test was conducted, and to the interpretation of the contract. 
They claimed, first, that the duty should be figured on the quan- 
tity of dry steam furnished the engine, after deducting steam used 
by the feed pump and the steam jackets. They also claimed that 
the stipulated evaporation of 10 Ibs. of water per pound of coal 
should be computed from a feed-water temperature correspond- 
ing to that in the pond which supplied the boilers. And, finally, 
they claimed that the engine should be credited with the friction 
of the water in the pump cylinders ; that is, the work done should be 
computed from the indicator cards taken from the water cylinders. 
In short, they made every claim which could be thought of which 
could serve to increase the duty, except an allowance for the 
steam used by the independent air pump which formed a part of 
the condensing apparatus. It is needless to consider the justice 
of the position taken by either the expert or the builders in his 
particular case. I have cited it in order to draw attention to the 
fact that disputes are liable to arise in these matters, especially 
in cases like the one referred to, where the guaranty is in danger 
of being unfulfilled. In such eases, it would seem that even rep- 
utable builders will take advantage of every possible claim as to 
the manner in which the tests should be figured, so that the results 
may appear to be in their favor—a course which would not be 
taken if there were any standard method of conducting trials. 
The argument advanced by Mr. Coon, that a comparison of 
records obtained from different engines makes it important that 
the same standard of conducting the test should be employed in all 
cases, is sufficient reason, were there no other, for some society 
like ours to recommend a code of rules for governing such tests. 
Mr. J. T. Hawkins.—Next to the work performed by the com- 
mittee appointed on boiler tests, I regard this as the most import- 
ant work that could be entered upon by this Society to-day. I 
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hope that a committee will be appointed, as moved by Mr. Barrus. 
I merely rise to second that motion. 

Mr. A. F. Nagle.—I have no objection to the appointment of such 
acommittee. I am afraid, however, they have a difficult task before 
them. Uniformity of methods of conducting duty trials is desir- 
able, and perhaps possible. But primarily a duty trial is for the 
purpose of making a money settlement between builder and pur- 
chaser, and hence it should be free from all reasonable possibility 
of dispute, and it should be inexpensive. 

Let a committee determine, if possible, how that desirable result 
can be obtained. 

On the other hand, there is always a great desire to obtain at a 
duty trial scientific data for the information of the profession. 

How much of such a data should be obtained at a duty trial at 
the expense of either party may possibly be embodied in a con- 
tract, and a committee may be able to recommend a plan which 
will be practicable. To formulate a plan for duty trials which 
shall be generally acceptable may well be worth the efforts of a 
committee. 

I have no objections to make, but I fear they have a difficult 
problem before them. 

Mr. W. F. Maties.—In view of the conditions mentioned by Mr. 
Nagle, I should think it unwise that a committee be appointed 
to establish rules. I think it would be well for the committee to 
make some recommendation. I doubt very much the propriety 
of their going further. 

Mr. Hawkins.—I believe it has been thoroughly understood 
heretofore that the Society will not establish any rules of this 
kind. The investigation of a question of that kind, and a report 
by a committee, however, carries no little authority with it. It 
is true that no one need feel obliged to follow the rules. But if 
the committee was made up of gentlemen prominent in this direc- 
tion, and they establish, so far as their authority can establish, 
rules or a method or system for conducting these tests, it will carry 
with it the weight those gentlemen have in their profession, and 
I think it would be a much better form to put it in, that they 
should establish rules on their responsibility rather than make 
a mere report. 

Prof. F. R. Hutton —My interest is known to several of the 
gentlemen in having this thing brought up and presented to the 
Society, with the view that the motion of Mr. Barrus should pre- 
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vail—that this committee should agree upon recommendations, 
with the idea that in any contracts which might be made between 
the consumer and builder of an engine it should be agreed in the 
contract, and specified, that the test should be made according to 
the recommendations of the American Society of Mechanical 
Engineers. That recommendation is then in black and white, and 
can be referred to in cases of dispute. We have established the 
point clearly, I think, that we are not in a position to enforce 
upon anybody who does not want them the use of any rules which 
we nay recommend ; but as a question of establishing something 
to go by, we can recommend to the profession generally, and adopt 
in our own practice, and say in the contracts which we may make 
as individuals, in cases of test, that we will report our test in the 
method recommended by the committee—the committee being 
constituted of men whose opinions carry weight—and that we pro- 
pose to make our report in the form recommended by these 
gentlemen, than whom there can be no higher authority as to the 
way in which a pumping-engine test should be conducted. 

Mr. Wm. Kent.—I think no member of this Society who was 
present at the Atlantic City meeting,* and who knows the action 
then taken, will say that this Society refused to adopt the Boiler 
Test Committee's report for the reason that it was not worthy of 
adoption, or any reason of that kind; but it was for the general 
reason that this Society would at no time adopt any standards on 
any subject whatever. We took the ground, as Prof. Hutton has 
stated, that we would not try to impose on the profession any- 
thing which they did not want; that the most this Society can do 
is to appoint committees who will recommend certain methods of 
testing, and if the Society accepts their report and orders it 
printed in the Transactions, that is as great an endorsement as 
this Society can give it, and that is a greater endorsement, I 
think, than even the adoption of the report by the whole Society, 
nine-tenths of whose members may not be experts in the particular 
branch on which the committee reports. The whole question was 
gone over so thoroughly three or four years ago, that I think it 
almost useless to bring it up now. But Iam entirely in favor of 
appointing a committee on Mr. Barrus’ proposition. J think it is 
impossible for any committee of this Society to establish rules. 
The best they can do is to recommend them. No one can be 
bound by such rules. The best we can do is to have a committee 
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appointed of say five experts, whose work will be taken as the 
highest law we can give. I would suggest that, in appointing this 
committee, the pumping-engine men be represented, as _ well 
as experts—that is, builders of pumping engines, and, if possible, 
some one representing the users of pumping engines. After the 
Boiler Committee was appointed, there was another committee 
appointed on standards for threads for tubes, which did the same 
thing. They reported and recommended certain proportions for 
screw threads, which, while the Society could not adopt them, 
have been adopted by the manufacturers, which is the very best 
kind of compliment to the Society. 

Mr. Hawkins.—I imagine that this question is pretty much one 
of words—the signification of terms. Of course we understand that 
the committee cannot absolutely establish a system for pumping- 
engine tests any more than the Society could; but they could do 
a little more than merely report upon it. I think they could put 
it in a little more authoritative shape than merely making a report 
to this Society. The Society can accept a report, but will not 
adoptit. Now, if we alter the phraseology, so far as the committee 
is concerned, so that instead of establishing the report, they adopt 
it, it will be a little better, I think, than merely making a report. 
Here will be a number of gentlemen identified with this specific 
branch of mechanics ; they make an investigation and make a re- 
port. There seems to be nothing definite done about it. If we 
could say that these gentlemen adopted the method or system, I 
think it would be putting it in more authoritative form, that is all. 


[Nore.—The question of appointing such a committee was put by the President 
at the close of this debate, and it was unanimously carried. That committre as 


appoint:d consisted of Messrs. Coon, Barrus, Reynolds, Nagle and DeKinder.* 
—F. R. H.] 


* See page 356, Vol. IX. Trans. A, S. M. E. 
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CCXCVIII,. 


THE EFFECT OF CIRCULATION IN STEAM BOILERS 
ON THE QUALITY OF THE STEAM. 


BY GEO. H. BARRUS, BOSTON, MASS. 


(Member of the Society.) 


A somewnat remarkable experience upon this subject has oe- 
curred to the writer, in connection with a sinall boiler used for 
steam heating. 

The boiler was of the vertical type, and consisted of a plain shell 
(without a water leg) 40 inches in diameter and 48 inches in height. 
It contained 115 2-inch tubes 4 ft. long. The boiler was supported 
by a brick furnace which contained a grate 33 inches equare, placed 
24 inches below the lower head. A smoke bonnet havinga side flue 
12 inches in diameter carried the gases toa brick chimney close by, 
which was 40 ft. high. The side flue contained-a damper operated 
by an automatic regulator set to close at a pressure of about 5 Ibs. 
The shell was covered with fossil] meal. 

The heating apparatus was constructed on the low-pressure 
gravity-return system. The total extent of radiating surface 
amounted to 900 sq. ft. The lowest point of this surface was at a 
horizontal distance of 100 feet from the boiler, measured along the 
return pipe, and this point was 18 inches above the usual water line. 
The highest point was 14 ft. above the water line. The main 
steam supply pipe was a 2}-inch pipe, and led off from the upper 
head of the boiler, near one side. The main return pipe was a 14- 
inch pipe, and at a point beyond the check valve it was increased to 
2 inches, and entered the boiler through the bottom head. A short 
piece of the pipe and the elbow were exposed to the heat of the 
furnace, 

The upper ends of the tubes in the boiler were provided with 
cast-iron ferrules, the openings through which were ? of an inch in 
diameter. 

Soon after the plant was set to work, difficulties began to be en- 
countered in the working of the boiler and in the return of the 
water from some of the pipes. The action was as follows: The 
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boiler was filled to such a point that with a low fire the level of 
water stood at the top of the glass. As soon as the fire was started 
up and steam began to form, the water gradually fell, and by the 
time the whole plant was in normal action the water had reached 
the bottom of the glass, which was some 12 inches below. At the 
same time there was ample evidence of priming. The sound of 
rushing water in the main pipe could be distinctly heard, even 
when the observer stood at some distance away. When the auto- 
matic damper closed and a momentary check occurred in the pro- 
duction of steam, the water came back at a rapid rate and soon 
nearly filled the glass. The radiators and circulations farthest from 
the boiler and lowest in elevation filled with water, and much 
trouble arose in freeing them of water and making them heat in a 
proper manner. 

The priming of the boiler was at first attributed to the presence 
of oil in the water, but repeated blowing off and change of the 
water produced no beneficial result, as it should have done if this 
was the cause of the trouble. Two additional steam pipes were 
attached, each a 2-inch pipe, and applied to opposite sides of the 
boiler as high in the shell as possible. Each of these pipes entered 
as far as the tubes, and the upper part was cut away so as to draw 
steam from above, rather than from below. These were both con- 
nected to the main supply pipe. In spite of the distribution. in the 
points of discharge which these pipes effected, there was no abate- 
ment of the principal difficulty. 

Under advice froin the chief inspector of a prominent boiler 
insurance company, the boiler was treated to a large dose of soda, 
This penetrated the whole system of pipes and radiators, and worked 
for several days. The boiler was then blown off and refilled with 
fresh water. Even this treatment failed to give relief, although 
the priming appeared to be less serious while the alkaline liquor was 
in use. 

Finally a suspicion arose in the writer’s mind that the priming 
was due to improper circulation of the water. The tubes in this 
boiler were Jaid out inside a circle 32 inches in diameter. There 
was a clear space outside the tubes all around 4 inche sin width. It 
was thought that an increase of this space might improve the cir- 
culation, and the plugging up of the outer row of tubes was con- 
templated. Before trying this plan, however, it was thought that 
the same result might be effected by removing some of the ferrules 
in the center of the boiler so as to centralize the heating effect of 
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the fire, thereby increasing the rapidity of ebullition at the centre, 
while reducing it at the circumference. Examination revealed the 
fact that these ferrules, as before stated, had openings ? of an inch 
in diameter, these openings aggregating in area 0.35 sq. ft., which 
bears a ratio to the grate surface (7.56 sq. ft.) of 1 to 21.6. This 
ratio, it must be admitted, is too small for efficient boiler work. 
Accordingly, 36 ferrules near the centre were removed, and the 
collective area of the openings increased to 0.84 sq. ft., which bears 
a ratio to the grate surface of 1 to 9. 

The effect of this change was instant. The priming disappeared 
at once. The water line became nearly constant, the extreme 
variation being reduced to 2 inches. There was no further difficulty 
with draining and heating of the pipes and radiators, and the whole 
apparatus worked from this time on with perfect satisfaction. 

It appears that the small area for draught that existed when the 
ferrules were all in use caused such a distribution of the heat 
through the whole number of tubes, that an active ebullition oe- 
curred through the whole body of water. This interfered with the 
natural circulation of the water, and the result was a commotion 
which caused the water to boil over into the steam pipe. The con- 
centration of the heat at the centre of the boiler, in the manner 
pointed out, changed this disordered condition, produced an easy 
circulation, and furnished a complete remedy for the whole trouble. 

The amount of water-heating surface in the boiler is approxi- 
mately 120 sq. ft., and this suffices to warm the building in a proper 
manner in the coldest weather. The building is a church, having 
wooden walls, and it contains some 160,000 cubic feet of space. 


DISCUSSION. 


Prof: J. M. Whitham.—A case somewhat similar to that described 
in the paper by Mr. Barrus occurred in connection with the boilers 
of the U.S. 8. Galena about six years ago. This vessel has ten 
horizontal cylindrical boilers, 8 feet in diameter and 8 feet 2 inches 
long. The total grate surface is 250 square feet ; total heating 
surface, 5,462.6 square feet; calorimeter through the tubes, 7.83. 
There are five boilers on each side of the ship (with a longitudinal 
fire-room), and all connect with one smoke-stack resting over the 
fire-room opposite the centre boilers. During the trial trip, and 
for some two years afterward, whenever the centre boiler on either 
side was used, the priming became so excessive that it was neces- 
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sary to haul fires and shut off that boiler. There were two fur- 
naces to each boiler, having a nest of tubes over each. There 
was a clear space of perhaps six inches between the nest of tubes 
and the cylindrical shell. Chief-Engineer H. B. Nones, U. 8. N., 
remedied the priming in these boilers by having two vertical rows 
of tubes in the centre of each nest removed, and putting tie rods 
in their places. The effect was that the steam, as it formed 
rapidly on the crown sheet, had an unobstructed passage to the 
steam space, while the circulation around the sides of the tube 
nests was accelerated, The priming occurred only in the central 
boilers under the smoke-stack, on account of the draught of those 
boilers. 

Mr. A, F. Nagle.—The boiler appears to have been an exceed- 
ingly low one—as I understand, only 48 inches high. I should 
like to know if Mr. Barrus thinks a similar occurrence would have 
happened if the boiler had been, say, 8 feet high—just double the 
height—if the trouble was not in a measure due to the exceed- 
ingly low height of the boiler? 

Mr. Barrus,—I do not know whether it would or not. 

Mr. Nagle.—Ilt is not an unusual type of boiler. All Corliss 
boilers, and other boilers of that type, are of greater height, and no 
such difficulties oceur. Hence I should attribute this trouble to 
the exceedingly low height, although Mr. Barrus’ experience and 
remedy for the difficulty is instructive. 

Mr. J. 8S. Coon.—-The Amoskeag Company at Manchester, N. H., 
have a large number of such boilers in use; but of course the 
ratio of the length to the diameter is very much greater than the 
case cited by Mr. Barrus: probably the ratio would be three and 
a half to four, or at least three, and the arrangement of the tubes 
is not exceptional. They are nearer together at the bottom, at 
the fire-box, and spread at the top. At the top head they are 
quite close to the shell, and so far as I know they never had any 
difficulty in priming. I think Mr. Nagle’s suggestion that the 
priming is due to the exceptional shortness of the boiler is 
correct. 

Prof. H. B. Gale.—A word occurs to me now which I would like 
to say. It has seemed to me that perhaps the employment of the 
term “steam boiler” 


is rather a misuse of words, at least in some 
eases. Boiling means ebullition, and I have sometimes thought 
that in some boilers with good circulation, when working easily, 
there is often probably no ebullition at all, but simply a circula- 
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tion of the water, the heated water rising to the surface and 
evaporating there, instead of forming bubbles and rising up 
through. Perhaps the phrase “steam generator” would better 
describe the action in some vessels of that kind than the word 
boiler. I would like to hear an expression of opinion from others 
on that point. 

Mr. H. P. Minot.—1 would like to ask the last speaker why the 
ebullition in this boiler might not take place. 

Mr. Gale.—I did not intend to say that there was no ebullition 
in this boiler. 

Mr. Minot.—In any boiler ? 

Mr. Gale.—When there is a good circulation, it seems to me 
that the water might be heated as it rises up around the tubes ; 
but that it would not be heated enough if it was moving rapidly 
to cause it to evaporate until the pressure was reduced, when it 
reached the surface. Of course, as the water rises the pressure 
gets less and less by the amount of head of water that is over it, 
and the evaporation will not take place until the pressure is 
reduced to the pressure of saturation. If no steam is being drawn 
from the boiler, there is no evaporation, and boiling is of course 
out of the question; now it seems to me that when the draft of 
steam is rather light, and the circulation rapid, the water would 
probably rise to the top before it is heated hot enough actually to 
form bubbles of steam, and that, instead of actual boiling, we 
would have simply a rapid cireulation of water, and surface evap- 
oration. A little air mixed with the steam in a boiler would also, 
by increasing the pressure, tend to prevent ebullition. 

Mr. H. H. Suplee.—In relation to this matter, there were some 
experiments brought to my notice several years ago made on a 
plain cylinder boiler without any internal flues of any sort—a long 
boiler—in which to determine the water level and the character of 
the boiling. A number of water-gauge glasses were placed along 
the whole side of the boiler—I think some eight or ten in number— 
and a level placed along to determine if there was any difference 
in the front and back of the boiler, and it was found that the water 
was some three or four inches higher over the fire, and that it 
gradually diminished as it went back, showing that there was an 
ebullition that lifted the water in the front part, making a cireula- 
tion. This showed that there must have been actual ebullition 
going on there in order to lift the water so much higher in front of 
the boiler, and tkat this was really the cause of the circulation, and 
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that the boiling must occur in order to produce the circulation, as 
the one is the cause and the other the effect. 

Mr. Barrus.—I should like to say a word about this boiler in 
connection with what Mr. Nagle states, and that is, that there are 
a great many small vertical boilers in use for portable engines 
which have tubes no more than four feet long, and it seems to me 
that this difficulty could not have been due to the short lengths of 
the tubes. In a fire engine boiler, which is certainly no larger 
than this one, there is no trouble of that kind. At least, it would 
be out of the question to have any trouble of that kind, on account 
of the injury which it would bring to the engine. I think if the 
difficulty had been due to the length of the tubes, it would not have 
appeared when the boiler was running slowly. But this trouble 
was one which was constantly occurring, even when there was a 
very slow fire. 

Mr. Nagle. —I am very glad to hear of the success of the remedy. 

Mr. Minot.—Isn’t it a fact that there are any number of steam 
fire engines running in this country with tubes as short as 11 
inches or 15 inches? I think Mr. Barrus has given us the right 
solution of this matter. 

Mr. Barrus.—It seems to me that this subject of the effect of 
circulation of water in boilers is an important one, and one that 
needs some ventilation. I had hoped that members would give 
some of their experiences. 

Mr. Huston.—The difference between the front and the back of 
the boiler—could not that occur simply from the circulation itself, 
simply from the direction of the currents, right over the hottest 
part of the fire, constantly lifting the water at that end? I should 
think that would be the case somewhat. 

Mr, Suplee.—I think that is exactly what the experiments did 
indicate, namely, that the circulation did lift the water, but that 
indirectly the rising of the bubbles was the cause of the lifting 
and also the cause of the circulation. I simply mention it in 
regard to what Mr. Gale said, that a boiler with proper circulation 
should not also possess ebullition. I think they should both occur 
together, and that this case went to prove that point. 

Mr. Gale.—It seems to me that it is probable that we have all 
degrees between no ebullition and a very rapid ebullition in differ- 
ent boilers, according to the amount of circulation that we have, 
and the way the boilers are worked; and that it is not absolutely 
necessary to suppose ebullition in order to make a difference in 
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level, because a simple circulation of water does make a difference 
in level, though whether it would make as much difference as is 
referred to in this case I do not know. It seems to me that we 
might have in some cases no ebullition at all, and from that up, in 
all grades, to a very violent case, such as is described in this 
paper. 
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CCXCIX. 
A FOUNDRY CUPOLA EXPERIENCE. 


BY FRED'K A. SCHEFFLER, ERIE, PA. 


(Member of the Society.) 


RECENTLY one of the large manufacturing firms in the western 
part of Pennsylvania outgrew the capacity “output” of their 
foundry cupola—an occurrence which has probably taken place with 
other similar old-established firms who are on a good commercial 
basis. 

The capacity of the old cupola was forced to 34,000 pounds per 
day, and it required the blower to be in operation from 3 p.m. until 
the final charge was withdrawn, which occurred about 5.30 P.M. 
The cupola was then so hot that in the morning it was quite unfit 
for the cupola tender to make ready for the daily “ heat,” although 
the work had to be done, but it was undoubtedly not very invigor- 
ating to the tender. 

The size of the cupola was 60 inches outside diameter, and 44 
inches inside, the fire-brick lining being 8 inches. The distance 
from the bottom or outlet spout to the charging door was between 
13 and 14 feet. There were two rows or sets of tuyeres, one above 
the other, being virtually a well-known Detroit cupola. The great- 
est amount of blast obtainable was 9 ounces, and the blast gate 
was wide open almost continually throughout the heat, notwith- 
standing the fact that the blower (Sturtevant’s make, No. 8) was 
speeded 100 revolutions faster than the list called for to produce a 
12-ounce blast. The difficulty was of course shouldered upon the 
blower and the catalogue list of the makers, but, as will be shown 
later, the entire fault lay with the tuyeres and blast-box on the 
cupola. The fan was situated 90 feet from the cupola, and was 
connected by an 18-inch galvanized iron blast pipe, which was 
straight with the exception of the elbow where it left the fan, and 
the’ Y-shaped connection into the cupola, the two arms of the Y 
forming at the same time vertical elbows each 10 inches in diam- 
eter. Thus the connections between the fan and cupola were 
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such as to produce the best possible results, especially as the outlet 
from the fan was only 13 inches. 

The capacity of the new cupola was desired to be 10 or 12 tons 
per hour, which would increase the output about 20¢ in the saine 
length of time, and shorten the time required for a “heat” of the 
ordinary size. The dimensions and style agreed upon called for a 
72” shell, which when lined up with 8” of fire brick would make 56” 
inside diameter. The height was 15 feet from spout to charging 
door, and this space would contain 10 tons, not including fuel. The 
tuyeres were eight in number and all located on the same horizontal 
plane, being in shape the form of an equilateral triangle, each side 
being six inches long. They were placed at a height of 24 inches 
from the base plate, and were surrounded by a blast box 12 inches 
square. The new cupola was to be erected in close proximity to 
the old one, and it was desired to utilize the same connecting blast 
pipe for both cupolas. The question of size of blower required to 
give the proper blast for the new cupola was a serious one, for it 
was fully believed that the one already in use could not possibly 
supply the amount required, when it was so evident that it was 
doing all that could possibly be obtained from it. 

Bids were therefore asked for a fan which would be guaranteed 
to melt 12 tons of iron per hour in a cupola 56 inches inside diam- 
eter. These were the only data given upon which the bidders 
were to base their estimates. The bids were all about the same 
in regard to size of fan required to produce the work and neces- 
sary (12 ounces) blast. One well-known firm advised a fan so 
close in size to the one already in use, that the surprise was very 
great, as both fans were similar in construction. So positive was 
the bidder that the fan mentioned would do the work that it was 
not deemed advisable to purchase a fan of the same size as the old 
one, for it was considered that two fans of the same size and gen- 
eral construction ought to do the same work under the same con- 
ditions. Hence the suggestion arose that there must be something 
radically wrong with either the fan or both the blast box around 
the old cupola and the tuyeres in the same, and it was determined 
to discover, if possible, where this defect lay, by simply connect- 
ing the 18-inch blast pipe into the new cupola. So vastly differ- 
ent was the construction of the new cupola tuyeres and blast box 
and that of the old one, that if there was anything wrong with the 
latter it would be shown by the difference in the working quali- 
ties of the same and the new cupola. 
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The branches of the Y connections were 12” diameter. The gen- 
eral arrangement of cupolas and connections is shown in the en- 
graving (Fig. 125). It will be noticed that either cupola can be 
run independently of the other, and all connections are so arranged 
that it was not necessary to shut down a day to make the new 
connection. 


The first heat taken from the new cupola was very successful. 
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The succeeding ones were stil] better, and not only were they “run 
off” quicker and better than any of those taken from the old one, 
but the blast was so great that the water in the gauge, which was 
only intended to register up to 10 ounces of blast, was blown ont 
of the top of the same, and when the new one was made, the pres- 
sure was found to be between 11 and 12 ounces. No change of 
speed of blower had been made, and the same main blast pipe was 
utilized. The “heats” were taken off with the blast gate only 
one-quarter open, whereas with the o'd cupola this gate was re- 
quired to be wide open almost continually throughout the heat. 
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Great satisfaction was the result, as the price of the new blower 
had been saved as well as the expense which would necessarily 
have been involved in putting down a larger main blast pipe and 
a possible loss of two days’ castings. 

As will be noticed, the trouble was with the blast box on the old 
cupola, and the tuyeres in the same, and not with the fan. The 
tuyeres were five in number in each row (there being two,an upper 
and lower row) and were too small in size to admit the amount of 
blast which the fan was capable of developing, consequently the 
latter was “ choked.” It is simply impossible to get the full bene- 
fit from a fan unless it has practically no outward friction to the 
passage of the greatest blast which it is capable of producing, or 
at least unless this friction has been largely reduced. The facts 
or lessons which are presented by the above experience are as 
follows: 

That by using a small amount of practical common sense, a fan 
which had been pretty well “rattled ” was made to bring out that 
which it had long been striving to do by making the final exit 
passages (tuyeres) of a combined area greater than the area of the 
pipe at the outlet of the fan, and by reducing the blast box toa 
size which would be no larger than actually required, this being in 
cross section about 10¢ more than the area of the fan outlet. When 
forcing air into the new cupola under the above circumstances, the 
fan does not require as much power to drive it, and in the same 
time more iron can be melted with it than it was possible to melt 
in the old cupola. The latter melted at the rate of 8 tons per 
hour, the new one at the rate of 10 tons. 

These results may seem surprising, but they are positive facts, 
and are given to the readers for their own consideration, and possi- 
bly old cupolas in daily use might be altered by a trifling expense 
and made to produce better and more economical work. 
DISCUSSION. 
Mr. H. I. Snell.—-I am interested in this paper because the 
results are obtained from an experience and are not theories. It 
gives some facts, some figures, and we can make our own calcula- 
tions and deductions. It also shows a reason for one of the seem- 
ing discrepancies between a manufacturer’s catalogue and actual 
experience in practical work, and might serve as an addenda to a 
paper I read before the Society at the Philadelphia meeting, upon 
“ Experiments and Experiences with Blowers.” 
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I regret the author of the paper is not present, that he might 
answer some questions I would like to ask, which might be of 
advantage to the members in discussing the subject. 

I would like to know how his cupola was charged; the propor- 
tion of fuel to iron melted ; the amount of fuel for the first bed, 
and then the amount of iron, amount of fuel, and again, the iron, 
ete. What was the distance of the tuyeres from the bottom of bed ? 
I look upon the amount of iron melted in the 44-inch cupola as 
being extraordinary, and do not recall ever having known so much 
per hour to be melted with any blower, under any pressure. The 
kind of castings furnished will determine the amount melted to a 
certain degree ; but I think 9,000 or 10,000 lbs. per hour good prac- 
tice with a cupola 44 inches inside diameter. Did we know the 
amount of fuel used, it would furnish data for the solution of the 
interesting problem of how many cubic feet of air that No. 8 
Sturtevant Blower was discharging per minute. 

The chief interest in the paper outside of the extraordinary work 
done by the blower is in the fact that we have a blower that 
under-certain circumstances fails to give the pressure the mannu- 
facturer says it should, and yet, under the same circumstances, so far 
as the blower and its attachments are concerned, it does support 
the maker’s statement when applied to a larger cupola. This is a 
point I can hardly reconcile with my own experience, and I feel 
interested in learning all the details of the experiments that I may 
harmonize the quoted experiences with my own. 

Will Mr. Scheffler tell us how the blast was measured, and at 
what point between the blower and cupola; and at what period of 
the heat—the beginning, middle, orend? From tests I have made 
upon cupola blowers, I have found that, unless the blower is very 
large for the work, the pressure at first will be smaller, increase as 
the heat goes on and the iron and coals settle down, and becoming 
larger about the middle of the heat, then often reducing towards 
the end when the furnace is exhausted and the resistance to the 
escape of the air diminished. 

The card or diagram (Fig. 309) representing a heat in Smith’s 
Foundry, Pittsburgh, Pa., where the blast was furnished by a No. 8 
Sturtevant fan running about 2,300 revolutions per minute, will 
illustrate the point that the same fan running the same speed will 
give different pressures at different points in the heat. 

I suppose, as the pipe was not changed when the cupolas were, 
the pressure gauge was applied at the same place on the pipe when 
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each cupola was tested; but sometimes the application of the water 
column is different in different tests, and then different readings 
of the gauge obtained when the actual pressure is the same, for in- 
stance, if the gauge in one case is applied in such a way that the 
line of the flow of air will be directly into the tube, the pressure in- 
dicated will be somewhat greater than if the flow was across the 
tube or if the tube was turned from the current. These are inter- 
esting points in relation to this paper, and I hope Mr. Scheffler will 
be able to give us some information upon the points raised. 

I have not been able to reconcile some of the results he has ob- 
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tained, for I have been taught by my own experiments that a cen- 
trifugal fan, at a certain speed or number of revolutions, will gener- 
ate a pressure or centrifugal force due that speed, and I also have 
found that the speed of the outer circumference of the fan-wheel 
will be about the speed or velocity at which the air will escape into 
the atmosphere through any size discharge less in area than one- 
third the diameter of the wheel multiplied by the width of the 
wheel at its outer edge. 

I have tried the experiment so many times, I feel justified in 
making the assertion that the pressure obtained by a fan blower 
will not change practically whether the discharge pipe is entirely 
closed or discharging through any size opening within the area of 
the “capacity of the fan,” or one-third the diameter multiplied by 
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the tace of the wheel. The volume discharged will vary, the power 
required will vary, but the pressure per square inch remains prac- 
tically constant, and for this reason I fail to understand why Mr. 
Schetier obtained only 9 ounces pressure in the smal! cupola with 
small tuyerage, and obtained 10 or 11 ounces in the large cupola 
with increased size of tuyeres, unless the charging of the cupolas 
was different, having in the first case greater spaces between the 
particles or pieces of coal than in the last. I believe in large tuyerage 
for cupolas, as I think the area of the interstices between the coal 
is the real measure of the tuyerage and large conduits or pipes to 
this point desirable if made tight. 

I am pleased to know of this experiment of Mr. Schetiler, as he 
has demonstrated that the fault was not in the fan but in its appli- 
vation, and while I fail to reason as he does from his experiments, 
which I do not doubt were carefully made, I accept it as a welcome 
addition to our knowledge in cupola practice. As a counterpart to 
his experience, I will state a case where a plain round cupola 44 
inches inside diameter, with 5 tuyeres each 3x5 inches, 8 inches 
above the sand bottom, melted only 7,764 lbs. of iron per hour, the 
blower giving a pressure of 8 ounces per square inch, and only 63 
Ibs. of iron was melted with 1 lb. of fuel. 

I think, as I said in the beginning, Mr. Schettler found extraor- 
dinary results before he made his change of cupolas, and I trust in 
his closing remarks he will be able to give us further particulars of 
this interesting and useful experiment. 

Mr. J. F. Wilcow.—I might say in this connection that dur- 
ing the last ten years in steel works, where the cupola goes on 
Monday morning and runs just as long as the lining will last, day 
and night, the practice has been constantly toward increasing the 
size of the tuyeres. The one requisite kept in view is to reduce 
the consumption of coke without reference to blowers or any other 
consideration. The amount of coke that is used in a well-propor- 
tioned cupola to-day—I am not speaking about foundry practice 
but steel works practice—is taken at about eight and a half to nine 
tons of melted iron to the ton of coke used. A steel works man- 
ager watches that figure right along, week in and week out, but the 
one thing kept in view is the amount of coke used. We do not 
care anything about the pressure, except as it affects the coke con- 
sumption. The pressure will go up and down, according as the 
cupola is working. 

Mr. J. L. Gobeille—Some of us younger men find that a cupola 
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is a pretty big thing to tackle. Because of a fire in a certain foun- 
dry it was found necessary to change the plana little. There is an 
alley on the premises, and as I wanted to put in an overhead 
traveling crane, the cupola being on this side of the alley and the 
blower on tlie other side, I thought I would put a glazed sewer 
pipe there for the blast instead of the ordinary metal pipe, as it 
must go underground. If any one has had any experience under 
such conditions, I would be pleased to hear how they overcame the 
difficulty. I would be pleased to hear from any one who has used 
similar appliances for blast pipes. 

Prof. Sweet.—We have been using sewer pipe for years. It is 
made of hydraulic cement. It is 16 inches in diameter. 

Mr. Wilcor.—I would like to ask the question of any member 
of the Society if they have any knowledge or have ever seen any 
use made of the gases from the cupola, From the very nature of 
the melting there must always be an excess of carbonic oxide pass- 
ing up above the charging door. And it has often occurred to me, 
particularly at night-time, seeing that great flame coming out of the 
top of the stack, to ask why in the world no use is made of it. Ido not 
know of any use, except seeing in some of the earlier Holley reports 
where he has a warm air apparatus up above the charging door—a 
sort of hot blast where he brings his heated air down afterwards 
into his tuyeres. But with three and four cupolas running steadily 
until the lining goes, I do not see why it is impracticable to treat it 
the same as we do in the blast furnace—taking the carbonic oxide 
right from the top of the eupola down through a flue, closing 
the cupola entirely if necessary on top, but taking that waste 
gas which is rich in carbonic oxide—far richer than the gas that 
comes from the blast furnace ; and with two or three cupolas work- 
ing all the time so that, when the blast is off one, the effect is not 
felt, you may always have surplus heat enough around your cupolas 
to run a respectable sized battery of boilers. I thought of trying it 
sometime this summer,—putting in a water-tube boiler and placing 
it right above the charging door of the cupola itself, carrying the 
gases up. 

Mr. W. F. Mattes.—I have been familiar with the Holley reports 
to which Mr. Wilcox refers. I recollect rather indistinctly the 
drawings which he presented of steel works cupolas in England, 
showing a hot blast arrangement above the charging doors. As I 
recollect it, however, he did not consider the arrangement advanta- 
geous, after considerable practical experience. 
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In that connection attention might be called to the tendency on 
the part of a hot blast to produce an incomplete combustion of the 
fuel; in other words, burning solid carbon to carbonic oxide rather 
than to carbonic acid, which is not exactly the action you want in 
acupola. It is theaction you want in a blast furnace. Then again 
a heated blast in a cupola would entail the application of jackets, 
etc., to preserve the lining. I think the other line which Mr. 
Wilcox has indicated, that of raising steam from the waste heat of 


the cupola, offers more promise of advantage, and it is one upon 


which I have had occasion to make plans which have never yet 
been experimented with. But I hope that somebody, before I get 
around to that point where I shall have to experiment with it, will 
report something in that line. 

Mr. Wilcow,—That is the only direction, to my mind, where the 
gas could be utilized. It has no value as a reducing agent in the 
furnace, and it is of very little value in a hot blast stove. The 
quantity is not sufficient, and the temperature to which your biast 
would be brought up would be too insignificant to think of achiev- 
ing any economies in that direction. 
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cece, 


THE BEST FORM OF NOZZLES AND DIVERGING 
TUBES. 


BY A. F. NAGLE, CHICAGO, ILL. 


(Member of the Society.) 


Tue subject of the form of nozzles will be discussed first, and it 
will then probably appear that whatever theory should govern 
their form will apply equally as well to diverging tubes, The 
purpose of all nozzles is to change the velocity of a moving fluid 
from a comparatively low one to a higher, or, in other words, to 
accelerate its velocity. It is the belief of the writer that in all 
such changes of velocity the accelerating force should be uniform 
throughout the length of the tube. The first application of the 
accelerating force, as well as its cessation, might be gradual; but 
for the main portion of the tube, should it not be uniform? It 
would seem to be true that whatever fluid friction necessarily occurs 
in making changes of velocity would be a minimum if the applied 
force were uniform. 

In studying any prescribed form of nozzle we would naturally 
turn to the line of acceleration from which to judge of its fitness or 
merit. If we take the ordinary straight-taper nozzle, and construet 
therefrom a line showing the acceleration at all points of its length, 
we should be much surprised by its extreme variation. It is well 
known that such nozzles do not give good practical results. The 
stream of water is not solid when it leaves the nozzle, and it is soon 
broken into a spray. Fig. 126 shows a straight-taper nozzle, line 
1 of Fig. 129 the velocity at all points, and line 1 of Fig. 180 the 
accelerations. Here it is clearly seen that at the very instant of 
leaving the nozzle the fluid is subjected to its greatest acceleration, 
and hence it is not surprising that it should be broken and scattered, 
instead of moving like a homogeneous and solid body. 

An improvement upon the straight taper form was first suggested, 
tried and adopted by Capt. Eyre 8. Shaw, Chief of the London 
Fire Department, in 1869. Capt. Shaw proposed that the veloci- 
ties within the nozzle be increased in a uniform manner, that is, 
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the velocities exhibited in line 1, Fig. 129, instead of curving as 
there shown, should be a straight taper as shown in line 2. From 


this line of velocities the diameters of Fig. 127 are obtained. The 


Fig. 126 


great practical superiority of this form of nozzle was fully demon- 
strated by Capt. Shaw, and if we construct the line of acceleration 
shown in line 2, Fig. 130, from line 2 in Fig. 129, we shall not fail 
to see why better results followed. 

lf it was a great improvement to change the line of acceleration 


from that shown in line 1 to line 2, Fig. 130, it would seem that 


r 
still better results should be obtained by making the line uniform 


throughout, as shown in line 3. A gentle approach and descent 
might be made, as shown in the dotted lines. From line 3, Fig. 130, 
line 3, Fig. 129, is obtained, and from the latter the diameters of the 
nozzle shown in Fig. 128. It is this form which the writer would 
recommend for ail forms of nozzles. It is to be regretted that 
practical tests cannot be adduced to verify these theoretical deduc- 
tions, but intelligent firemen have said that Fig. 128 is a form 
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which they believe would be very efficient. Should any member 
have an opportunity to test said form, it is to be hoped that he will 
communicate the results to this Society. 


Fig. 128 
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For the purpose of illustrating the necessary calculations in 
the three forms of nozzles shown, a nozzle has been assumed 10 
inches in length, 24 inches in diameter at the large end, and 1 inch 


Fig. 129 
VELOCITIES 


3 


| 


10} 


at the small end, and the velocity taken at the beginning of the 
nozzle at one foot per second. Figs. 126, 127, 128, 129 and 130 are 
drawn to one-quarter fall size. 

Table 1 gives the diameters at 10 equal divisions of the length 


Fig. 130 
ACCELERATION 


of the tube for the three forms shown, and graphically exhibited 
in Figs. 126, 127 and 128. 

Table 2 gives the velocities at corresponding points, graphically 
exhibited in Fig, 129, lines 1, 2 and 3. 

The necessary calculations for obtaining the velocities and diam- 


eters are too simple to need explanation. The formuia for obtain- 
33 
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ing the acceleration necessary to effect the change of velocity within 
a given space is, 


where v, is the velocity at the beginning, and v, at the end of 
space s, From the known values of v, as given in columns 1 and 
2, Table II., substituted in formula (A), the values of p are found 
as given in columns 1 and 2, Table III. Column 8 is, of course, a 
constant upon the theory already suggested. 

By proper substitutions in formula (A) column 3 in Table II. 
is obtained, and from these values the diameters are readily ob- 
tained as given in Table I. 

Formula (A) can be expressed directly in terms of ¢, for 


Taking v, = 1, and making proper substitutions, we obtain 
9 > 
2ps= a4 (B) 
FIG. 129. FIG. 130 

TaBLe I.—DIaMETERS. TABLE 
Fig. 126. Fig. 127. | Fig. Line 1. Line 2. | Line 3. Line 1. | Line 2 Line 3. 

ad 2.50 2.50 2.50 1.00 1.00 1.00 0 0 0 
d, 2.385 | 2.02 1.688 1.1382 | 1.585 | 2.192 .140 .663 | 1.9038 
dy 2.20 | 1.756 | 1.464 1.292 | 2.050 | 2.933 198 988 1.908 
ds 2.05 | 1.558 | 1.382 || 1.487 | 2.575 | 8.588 .272 | 1.211 | 1.908 
d, 1.90 | 1.420 | 1.246 || 1.7381 | 3.100 | 4.028 .392 | 1.492 | 1.903 
ds 1.735 | 1.818 | 1.182 2.041 | 3.625 | 4.475 084 1.760 | 1.9038 
de | 1.60 | 1.237 | 1.132 || 2.441 | 4.150 | 4.8382 .892 2.040 1.908 
d; | 1.45 | 1.156 | 1.090 || 2.978 | 4.675 | 5.258 |, 1.488 | 2.3860 | 1.903 
ds 1.30 | 1.090 | 1.056 | 3.699 | 5.200 5 G08 2.422 | 2.600 | 1.903 
d, 1.15 | 1.045 | 4.026 4.726 | 6.725 | 5.938 4.330 2.860) 1.908 
dio | 1.00, 1.000 | 1.000 | 6.250 6.250 6.250 8.36 3.150 | 1.908 
| 1.903 1.908 | 1.903 

= 


Table 3 gives the mean acceleration for each tenth division, 
graphically exhibited in Fig. 130, lines 1, 2 and 3. 

Formula (B) may be considered a fundamental formula applica- 
ble to all sizes of nozzles constructed upon the theory that the 
acceleration should be uniform throughout the length of the tube. 
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To find the value of p for any proposed nozzle, the extreme diam- 
eters d, and d, and length s being known, we need but make 
proper substitutions in formula (1B). 

When p is known, any intermediate diameter @, at any distance 
s from d, is of course readily found, 

Let us now pass to the application of this same theory to diverg- 
ing tubes. Until the invention of injectors these tubes had scarcely 
any practical usefulness, but they are now used so extensively 
for so great a variety of purposes that a careful consideration of 
this subject will be of importance to all having occasion to use 
them. 

It isnot known what first suggested the use of these diverging 
tubes. Early experiments, however, were confined to small sizes 
and low heads. There does not appear to have been any reason- 
able explanation of their philosophy. DBernouille suggested that 
the velocity of the water at its final discharge should be that due 
to the head. As he gave no limitation to the size of the two ends 
of the tubes, we can readily see how quickly absurd results would 
be found under such a theory if we assume extremely large or 
small dimensions. The simple truth is now understood to be that 
if the fluid passing the small end of the diverging fube with a high 
velocity can be changed to a lower velocity without waste of 
energy, it must have an excess of energy above that due to its lower 
velocity, for the residing energy, or vis viva, of a moving body is 
proportional to the sguare of its velocity ; that is, if its velocity be 
reduced one-half, it has but one-quarter the v/s viva it had at the 
greater velocity, and hence this excess exerts a pulling influence— 
a’ negative pressure, or a suction, npon the particles behind it, 
This action again accelerates the fluid in the throat of the tube, 
and only finds equilibrium between the friction head of the water 
(both surface and fluid) plus the head due to its final velocity, and 
a perfect vacuum plus the original head. In other words, theo- 
retically, that is, if no fluid or surface friction existed and a perfect 
shaped tube were used, a perfect vacuum would be obtained in the 
throat of a diverging tube with any appreciable head of water, 
however small, 


One of the conclusions reached by early experimenters was that 
the angle of divergence should be small, generally limiting it to 
between 4 and 7 degrees, but in no case is it found that they made 
it dependent upon the size of the tube. We can readily see that a 
sinall tube having a divergence of 5 degrees would change its 
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velocity at a very different rate from one with the same divergence 
and ten times the diameter. These facts led to the conclusion that 
the straight taper tube of any fixed angle of divergence was not 
really a theoretically correct form, but rather that it should be 
constructed upon the theory already applied to nozzles. A care- 
ful analysis was therefore made of two sets of experiments at com- 
mand, those of Mr. Brownlee as given in D. K. Clark’s Manwal 
Jor Mechanical Engineers, page 931, and Mr. James B. Francis as 
given in his Lowell Hydraulic Experiments. 

The tube used by Mr. Brownlee is reproduced as nearly as 
possible to one-half size in Fig. 131, and the one used by Mr. Fran- 
cis to one-sixth full size in Fig. 182. There is also shown within 
the same drawings a form of tube such as would be obtained by 
formula (B) upon the theory of a uniform acceleration for nozzless 


Fig, 131 


For the uniform retardation, however, the formula might better 
be written, 


dis 


where d; is the diameter at the throat; the velocity at said point is 
taken at 1 foot per second, and d, is the diameter at any distance 
from 
Dimensions of the Brownlee Tube: 

Angle of divergence, 7° 5’ 

Length, 5.95”. 

p = -083866 by formula (C). 

p = 42 by formula (B). 


Fig. 132 
i FRANCIS TUSE 
— 
| -+ 
/ 
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By Formula (B) or (C). 


inches from throat ...... . 2196 


Dimensions of the Francis Tube. 
Angle of divergence 5° 1’. 
tadius uniting straight and taper portion of tube = 22.69 feet. 
Length, 48 inches. 
p = .010324 by formula (C). 
p = 2.69 by formula (3). 


By Formula or (C). 


Diameter at throat......... .1018 foot or 1.2216 inch .......... 1.2216 iuch 


It should be noticed that while the angle of divergence in these 
tubes did not differ greatly, their diameters differed as much as 6 
to 1, and the retardation about 8 to 1, or nearly inversely as the 
product of the sines of theangles of divergence and diameters of the 
tubes. This would indicate that if a straight taper were used, and 
no other guidance, it should be one whose angle of divergence de- 
pended upon the diameter of the tube. 

Mr. Brownlee’s experiments gave the following data : 


TABLE 4. 


j j | 


1 | 2 | 3 4 5 6 7 
| Vaer of He Velocity 2 Fel, Actual Ve- io of Col- 
Head in Feet Throat. Total Head. Sto 
i 

a 4.01 | 7.04 | 6.66 | 1.66% 

50 1.30 1.80 5.67 | 10.76 | 10.28 1.50 

75 2.4 3.15 | 6.95 | 14.24 | 18.6 | 1.96 
ae | 38.5 4.5 | 8.02 17.02 | 16.84 | 2.04 
2. 8.2 10.2 | 11.35 25.68 | 27.7 2.18 
é | 138.90 33.09 | 31.95 | 2.30 

19.8 23.8 | 16.05 | 78.84 | 37.90 | 2.3 
5 26.0 31 | 17.94 | 44.69 | 43.45 2.42 
6 | 81.1 | 37.1 | 19.66 | 48.88 | 48.14 | 2.45 
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Mr. Francis’s experiments with J tube gave the following data : 
} : 


TABLE 5. 


1 2 2 4 5 ti 

Vacuum at Sum of Head Velocity Due to Ratio of Col 

Head in Feet. Throat. and Vacuum. Head. Actual Velocity. umu 5 to4 
65 831 3.41 7.30 2.14 
274 1.02 1 24 417 9.12 2.19 
1.76 2.20 5.32 11.97 2.25 
630 2.67 3.30 6.37 14.65 2.30 
-920 4.78 5 20 7.70 18.26 2.37 
1.180 5.82 7.00 8.70 21.15 2.48 
1.26 6.64 8.00 9.36 22.71 2.42 


There is so little difference between the values of columns 5 and 
6, Table 4, that for the purpose of this paper it may be assumed 
that the velocity in the throat is that due to the sum of the original 
head plus the vacuum, and hence column 2, Table 5, is obtained 
from column 5, It will be observed that the Francis tube produces 
a much greater vacuum with the same head than the Brownlee 
tube, and this is as it should be, when we see how much more 
gentle the change of velocity is, and how much nearer it conforms 
to the theoretical form which Iam endeavoring toestablish. Imper- 
fect as the Brownlee tube was, yet with only 6 feet head it produced 
a vacuum of 31.1 feet. It would have been very instructive if Mr. 
Francis had extended his experiments to somewhat greater heads, 
and ascertained with what head a perfect vacuum could have been 
obtained. Evidently with Jess than 6 feet. 

The greatest efliciency of the Brownlee tube was 2.45¢; hence 
the diameter corresponding to this increased flow, if moving with 
the velocity due to the original or outside head, would be .1982 
x Vf2.45 = 812". 

With the Francis tube this diameter would be 1.2216 x V/2.42 
= 1.900 inches. 

These diameters are indicated by the letter “m” on the draw- 
ings, both for the straight-taper tubes and the proposed form. 

It is noticeable how near to the throat in straight-taper tubes 
this diameter is found, while in the proposed form it is not found 
until near the very end, thus tending to hold the stream solid and 
homogeneous. 

That the straight-taper tube does not hold the water solidly is 
testified te by Mr. Francis, page 215: ‘‘ There is reason to think 
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that the flow through a diverging tube is, to a certain extent, in a 
condition of unstable equilibrium, In Venturi’s experiments, the 
water discharging into the air from diverging tubes was observed 
to have great irregularity of motion, even eddies within the tube; 
whence the jet comes forth by leaps, and with irregular scatterings, 
These irregularities are undoubtedly due, in part at least, to un- 
stable equilibrium, and there must be a corresponding irregularity 
in the exhausting power of the diverging tube, which would be in- 
dicated, in our experiments, by oscillations in the elevation of the 
surface of the water in compartment E, which would rise and fall 
as the exhausting power of the tube was less or greater.” 

It remains to be proven by future experiments whether the pro- 
posed form is really an improvement over the straight taper. 

Formula (C) can be reduced to a still siinplerform. The ratio of 
at should really be very small, so small as to be practically equal 
to zero; and hence (C) becomes 2ps = 1. S should, in fact, be 
as long as is practicable, but in this equation it may be taken at 
unity. Then p becomes equal to.5. Let us also assume the diam- 
eter at the throat of the tube equal to unity, then formula (C) 


2ps = 1 — -}- becomes 2 x .5 x «=. 


ly 
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Formula (D) will give the diameter d, at any distance s from the 
throat. 

Table 6 gives these values for the principal divisions of a tube, 
and Fig. 133 shows graphically the curve which the tabular values 
for a diverging tube would impose, and we must observe how far 
this form departs from the straight line usually adopted for such 
tubes. 


TABLE 6. 


Distance from Throat. | Diameters. 


.00 

-0267 
0574 
09538 
.1362 
. 1892 


.8512 
.4142 
.4954 
. 6068 
. 7783 
.1147 
.5150 
. 1623 
Infinite 


.00 | 
.10 
.20 | 
.380 
40 
0 
.60 
70 | 
.80 
85 
.90 
| 95 
975 
.99 
1.00 
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STEAM EXCAVATORS. 


BY WILLIAM L. CLEMENTS, BAY CITY, MICH, 


(Member of the Society.) 


Tue term steam excavator, steam navvy, or steam shovel is ap- 
plied to that division of excavating machinery in general which 
has for its object the removal of material in localities inaeces- 
sible to water-excavating machines or dredges, and therefore re- 
quiring and possessing special features which adapt it to this 
service. Of necessity it is portable, and possesses much lighter 
machinery than used with dredges, and is adapted to work with 
material impracticable to remove under the surface of the 
water, 


The appliance here considered is the portable land machine, or 
steam excavator, with the machinery always mounted upon a base 
or car body, and supported by wheels for propulsion. 

' As to the designs of construction of steam excavators, there are 
as many as the manufacturers who have them among their special- 
ties. Several makers have old, well-tried, and successful machines, 
and each of them has distinctive designs in many parts, which are 
owned and have been developed by their makers, and which have 
been the result of their experience. Very often these differences 
of designs and developments of different manufacturers have 
made the production of one maker preferable to all others for 
a class of work or for shipment to different localities. One 
maker, for transportation either by boat or railway, manufactures 
a machine easily taken apart and which may be put together 
and perform its work at some point otherwise inaccessible. A 
machine of this type, the first offered for service, is of American 
design, and for work in a country difficult of access has no com- 

petitor, 

The steam excavator in the United States is confined almost ex- 
clusively to railway use, either in the construction of new lines or 

in the maintenance of way, and is a distinctive railway tool. For 
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easy transportation on its own wheels over any line, for work on 
its extensions or maintenance, and for work wherever a track may 
penetrate, another design more suitable than the first for such ser- 
vice is manufactured by other makers. With this machine trans- 
portation to inaccessible points is difficult, and its portability and 
shipment to its destination are dependent upon the existence of 
railroads. The gauge of the wheels is standard, and the running 
gearing supporting the machine is not to be removed, nor the ma- 
chinery taken apart for transportation. Primarily these are the 
two types of steam excavators. The operations of each, and their 
motions for removing earth are the same. 

In the construction of this class of machinery, iron or steel is 
generally used in all principal parts. The body of the car, upon 
which is mounted the boiler, engine, and other machinery, is some- 
times constructed of wood, generally oak, but such construction in 
this important part cannot be recommended if long and continued 
service is to be expected from it. It soon fails to endure the work 
required of it in climates of extreme dryness or dampness, and 
when thus subjected, the alignment of the machinery, as well as the 
security of its parts, is lost. In well-constructed machines the car 
bodies are made up of I-beams or channels securely riveted and 
bound together, supplied with wronght-iron end sills, and with an 
iron frame throughout. It is evident that only to an iron body 
should the machinery be secured necessary to receive, as it does in 
some work, the most severe shocks and strains. 

Upon the car body is mounted the machinery for hoisting the 
dipper, consisting generally of a small vertical or horizontal double 
cylinder engine, the boiler with its water tank, the mechanism for 
slewing the crane, and the chain spools, clutches, etc., necessary to 
operate the dipper and the crane. 

The crane is usually of simple construction, of iron, or in some 
machines wood, and is fastened to a mast or post so as to allow it to 
swing on either side of the car at right angles to it. The mast or 
post is firmly guyed and secured to the car body, and the substan- 
tial security of this post is necessary for good work with a machine, 
The dipper is of different shapes and sizes, depending much upon 
the material it has to work in and the capacity of the machine. Its 
capacity is usually from 11 to 2 cubic yards. 

The operation of excavating requires the dipper to be thrust into 
the bank or cut, and at the same time the dipper is raised from a 
lower to a higher position. These movements require on the crane 
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an appliance to thrust the dipper into the bank in addition to hoist- 
ing, and there are many methods of accomplishing this successfully ; 
one, by means of an endless chain attachment from the engine on 
the car body, giving motion to a pinion throngh a clutch, and this 
pinion to a rack attachment, and that in turn to the handle of the 
dipper; another arrangement used is a pair of engines applied 
directly to the rack of the dipper handle; and yet another, of 
using steam direct in a cylinder, the extension or contraction 
of the piston rod of the cylinder extending or contracting the 
dipper. 

The mechanisms for slewing are often used with a small double 
engine actuating a drum, winding a chain attached to a large 
sheave on the crane of the machine. This arrangement provides 
for perfect independence of the motions, and the crane may be 
slewed when all other motions have ceased, which is often a ne- 
cessity. Such an arrangement was probably used on the tirst steam 
excavator built, and was successful but for the large number of 
wearing parts and its slow motion. Steam cylinders, with pistons 
attached directly or indirectly to the large sheave of the crane, are 
more successful, as the loss by friction and wearing is mucli less, 
and the motion of slewing much quicker. 

One of the most important parts of machinery of this class is the 
chain drum actuating the dipper, and accompanying clutches for 
releasing it or putting it in motion. Since through this drum and 
its clutches the dipper is urged through the material and its con- 
tents hoisted and the dipper again released, its very frequent use, 
together with the shocks in hard digging, necessitate the most care- 
ful construction and desigu. There are many forms of drums and 
clutches in use, but few withstand for any length of time the 
severe strains to which they are subjected. Some are friction, 
others positive clutches. The friction clutch for this use has many 
advantages to recommend it; its use gives less severe shocks to all 
parts of the crane and car, and the rapidity with which it may be 
thrown in or out of clutch is most advantageous. But experience 
has shown that in this class of work and for this use the perfect 
friction clutch is yet to be found. They are found to wear rapidly, 
requiring constant attention and repair, and the expense attending 
them is sometimes excessive. The positive clutch was probably 
the first in use, and is still thought by many to be the most effect- 
ive for its purpose, and to require the least amount of repair and 
expense. 
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The question of chains for use im dredge or excavator work is 
also a most important one. Obviously it is desirable to use for this 
work chains of as small diameter as possible, and with the intro- 
duction and manufacture of steel chains, with their great working 
strength, their use became extensive. Experience has shown from 
trials of American steel chains that they are not adapted for the 
service. In general, the steel used for chain work possesses a low 
tensile strength, generally not exceeding 55,000, a necessity for the 
perfect and easy welding of the links. With this low grade of 
steel it is found to wear excessively, the most carefully made and 
tested steel chains enduring service but for a comparatively short 
time, and while their adaptability and use for other purposes is un- 
questioned, they are found to endure service a shorter time than 
iron chains of similar strength. Steel chains of sufficient strength 
and extreme hardness have been used, but with their use, with the 
severe shocks to which they are subjected, they soon acquire great 
brittleness and require frequent annealing. This defect may be 
explained by the fact that the chain is frequently strained beyond 
its elastic limit. With the chains at present available, the tested 
refined iron crane chain of sufficient strength is much cheaper and 
more durable. Their action in this service is peculiar, requiring 
for the most severe work a chain whose working strength is double 
that which is ordinarily brought upon it, and the larger the diame- 
ter of the iron, with the increased wearing surface of the link, the 
more durable. 

The cranes, receiving the shocks and strains incident to dig- 
ging, were in the earlier machines constructed of wood. They 
have not the durability, are more cumbersome, and with modern 
designs are not used, but a secure and firmly braced and _ tied 
framework of channel and tee iron receives and transmits the 
strains. 

The design of the dipper is also of importance, its shape, size and 
strength depending upon the material in which it is to be worked. 
A dipper suitable for clay with its tenacity is totally unfit for use 
in hard or cemented digging. Its shape for soft and tenacious ma- 
terial necessitates the mouth or opening to be of smaller size than 
the drop or bottom, preventing in a measure the adhesion of the ma- 
terial to its sides, For hard digging in cemented gravel or boulders, 
no such provision is necessary, and tne strength of the dipper itself, 
together with the teeth then used for breaking or cutting the ma- 
terial, is of first importance. But even with the best of construc- 
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tion, their severe use would prevent any extended life, and repairs 
are frequently necessary, 

With all the machinery necessary for the operation of a steam ex- 
cavator, the quantity of steam used is considerable, and therefore 
the design of a boiler suitable for this service has been a work of 
importance to manufacturers. For an effective and compact port- 
able boiler, the locomotive design, with its horizontal flues and 
internal fire box, is not excelled, but such a design, of suitable 
steam-generating capacity, occupies too large a floor space on the 
car, and prevents any compact and convenient arrangement of 
the machinery. In general it may be said that with portable ex- 
cavating machinery the upright boiler is used. This type of 
boiler has but few recommendations for use. It is far from eco- 
nomical in its working, and it is difficult to construct so as always to 
be tight. 

It may be said that the question is never raised as to how economi- 
cal in fuel are the boilers for these machines. There is no opportu- 
nity, working where they do, and under very unfavorable conditions, 
to develop the problem of saving in oil, waste, or supplies, where the 
order from headquarters is to work the machine constantly and keep 
no trains waiting. The boiler is used to the limit of its capacity, 
fuel is consumed with a forced draft, and with no storage for steam; 
as much fuel is used in one day as would in the same period with 
vareful working, operate a boiler with proper settings of three times 
the capacity. 

In the economical working of fuel and under unfavorable condi- 
tions, with forced draft, etc., for portable boilers, the locomotive 
type is ahead of the vertical design. Experiments under different 
conditions and circumstances with the vertical type show that, with 
care as good as may be expected, a safe assumption for boilers of 
this class is that the amount of water evaporated per pound of 
coal is about eight, and the amount of bituminous coal consumed 
per hour, per square foot of grate area, with forced draft is about 
sixty, or in other words the average evaporative effect of a square 
foot of heating surface is about eighteen pounds of water per hour. 

These results, however, compare very favorably with some from 
locomotive practice, and to accomplish them requires a boiler built 
in a most thorough manner and with several peculiarities in its con- 
struction. For the essential of safety, these boilers should never 
be made of other than the best flange steel or iron, and accidents 
have often occurred through the use of the cheaper and more de- 
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fective material. We are warranted in saying that only with the 
grossest negligence can accidents occur with the use of flange or 
fire-box steel, and such treatment these boilers may often receive. 
In consequence of the necessary hard work to be done, the ordinary 
types as generally used endure the service but a short period. With 
strong firing the upper portion of the vertical flues, left unprotected 
by water, soon becomes injured, and then the connections with the 
upper head will leak. To remedy this, all boilers of the vertical 
type should have submerged flues, with the accompanying smoke 
chamber, thus shortening the flues and carrying them below the 
water level. With this necessary provision, and the flues jointed to 
the heads with copper ferrules, these boilers may be said to be gen- 
erally successful for this service. 

The peculiarities of design developed from experience and long 
trial in the use of steam excavating machinery, have made the pro- 
ductions of the older manufacturers preferred and more extensively 
used than machines of more recent date. They are successful from 
practical test and development in many kinds of work, and the 
theoretically correct steam shovel is more likely to be useless than 
most other forms of machinery. The details as given have been 
confined to no particular machine, but apply to portable steam ex- 
cavating machinery in general. To be more specific, it is the pur- 
pose to discuss the production of a successful maker who has had 
many years of experience, and whose design is eminently success- 
ful, being in constant use on the largest and best railroads in the 
country. 

This excavator, shown in Fig. 135, performs all its motions by 
steam direct without intermediate gearing, except that for hoisting 
the dipper and propelling itself. 

In the crane is mounted a cylinder directly connected with the 
dipper through its piston rod and the dipper handle, which takes 
steam on either side of a piston through a trunnion bearing. The 
dipper can thus be thrust in or out at the will of the attendant in 
charge. 

The operation of digging is a combination of a thrust to the dip- 
per by the piston rod of the steam cylinder, and the raising of the 
dipper by the hoisting engine. While the attendant, operating the 
swinging and engine levers, regulates tle angle and height of the 
dipper, the dipper cylinder varies the radius, and places the mouth 
at a proper angle in the cutting, thrusting the dipper into it while 
the engine is running. 
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The crane slews through an angle of 200 degrees, and this move- 
ment is effected through two wire ropes, one on either side, 
attached to the crane sheave, which revolves about the crane post. 
These wire ropes are also directly connected with the piston rods 
of two steam cylinders in the top of the car. Steam is given to 
the front of the right-hand piston if slewing to the right is to be 
accomplished ; to the left-hand, if slewing is to the left. The 
exhausts from these cylinders are so arranged for economy in 
steam that the exhaustion of one cylinder is partially the supply 
of the other. To render the motion uniform, the backs of these 
pistons are connected by a wire cable, which always keeps the 
sheave ropes taut. 

Provision is made through a pinion on the engine shaft and a 
gear working into it under the car, for self-propulsion. This en- 
ables the excavator to make its way through a cutting without the 
assistance of a locomotive. 

The stability of the excavator in operation is increased by an iron 
transom beam provided with screw jacks, which levels the car and 
renders its working easier, 

Safety attachments, allowing the crane to be slewed and the dip- 
per to be raised but to fixed points, and an automatic attachment 
for unclutching after the material is delivered in the car, greatly 
assist the operator, and are essential for the preservation of every 
machine of this class. 

Many of the mechanisms for the performance of the different 
functions of this steam excavator belong to the manufacturers of 
this machine, and it has been developed by a series of trials and 
tests extending over a period of nearly twelve years. Several 
features are novel and interesting. The idea of slewing the crane 
and dipper by steam applied directly to a piston actuating the 
sheave attachment to the crane, was conceived, perfected, and the 
motion controlled, only through many trials and tests, and the 
excessive wear of gearing and chains, together with a slow and 
unreliable slewing motion, led first to a nevessary change in the 
mechanism, and the development of the steam slewing. As 
before stated, chains or cables attached to the drum and actuated 


by clutches are successful in many cases where properly de- 
signed. 


The arrangement for thrusting the dipper out of or into the cut- 
ting is simple and effective. Fig. 136 represents the dipper cylinder 
with its piston and piston rod, the rod of which is attached to the 
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dipper handle, which in turn is bolted 
to the side arms of the dipper, as 
shown in Fig. 135. The control of 
the motions of the dipper is through 
the dipper cylinder valve, as shown 
in Fig. 137, Steam is admitted 
through the trunnion bearing on one 
side, and the exhaust takes place 
from the other. The steam ports are 
arranged very similar to those of an 
engine cylinder with a sliding valve, 
except that the valves are arranged 
about the centre, and a movement of 
the hand wheel in any direction opens 
the valve and admits steam to either 
sive of the piston, while the opposite 
port is open to the exhaust. Such an 
arrangement gives a strong and steady 
motion to the dipper, is very quick 
and easily controlled, and is a very 
simple and effective appliance. In 
these parts, as before stated, gearing, 
chainwork, or engine power direct 
are successfully used and do excellent 
service, but the simplicity of a device 
for the attainment of a motion is of 
greatest importance, operated as it 


is by all grades of engineers and 


under unfavorable conditions. 

The hoisting engine, consisting of 
a small engine with double cylinders, 
geared from the engine shaft to a 
spool shaft on which is placed the 
chain drum for hoisting the dipper, 
and the clutch actuating it, deserves 
mention. The engine has two cylin- 
ders, 8” x 10”, is supplied with a 
link motion for use in the self-propul- 
sion of the car, and is made to operate 
at a speed of 350 revolutions per 
minute. 
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The clutch is a positive one; and when it is remembered that it 
is put in and out of gear in many hundred operations each day, its 
construction is important. Fig. 138 represents the drum and clutch. 
The clutch is loose on the shaft and has a heavy side disk or plate 
into which are titted about the centre several hard steel pockets 
which receive the clutch pins. These steel clutch pins pass through 
the enlarged hub of the large gear wheel actuated by the engine 
pinion. This gear is keyed to the shaft and upon the pins being 
thrust through the hub clutch into the steel pockets of the drum 
disk. The shaft is hollow and receives a pin which operates a 
loose disk to which the steel pins are fastened, and with the con- 
nection of the shaft pin the operator may easily raise the dipper, 
or by disengaging the clutch lower it; a too rapid downward mo- 
tion being controlled by a friction stop brake, operated by the foot 
of the attendant. The rapidity with which an operator may clutch 
the chain drum, raise the dipper, while the operator of the crane 
cylinder is thrusting the dipper into the bank, slew the crane and 
dump the material is dependent to great extent upon the experi- 
ence of the operator, with a good operator the average number 
of dumps being about one a minute. 

The best form of upright boiler for this service is illustrated by 
Fig. 134. It conforms in general to the description already given. 

As to the construction of the car body and crane, channel iron 
and I beams form their frames, while the framework supporting 
the slewing mechanism and crane post is of wrought iron, as shown 
in Fig. 135. 

A steam excavator is portable in the sense that it may be trans- 
ferred for work at different points along a line of railway, withont 
the necessity of taking the machine apart or altering its wheel 
gauge, so that it may be placed in an ordinary freight train with 
its tool car and tender, and be transferred quickly and safely. The 
running gearing and trucks supporting the car are of importance. 
To support the more than ordinary weight, the wheels, axles, and 
truck frames are stronger and heavier than those used with ordi- 
nary freight cars. 

With the self-propelling feature of the machine, the front wheels 
and boxes operate in cast-iron pedestals or jaws bolted to the car, 
this rigid arrangement being necessitated for keeping the propelling 
mechanism in alignment. 

Other additions, including jack arms for adding stability to the 
car body, alight and portable track on which the shovel is to move 
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up to its work, and other appliances of minor importance, complete 
the equipment of the modern steam excavator. 
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As before stated, the uses and importance of portable steam ex- 
cavators are principally in connection with railroad work. It may 
be safely said that no well-equipped railroad is without one, and 
many extensive lines have several of them, which are placed in ser- 
vice at different times and places. Where work is to be done to 
which they are adapted, and in volume sufficient to warrant the 
use of a machine, the excavator is rarely dispensed with. The 
amount of material removed, otherwise accomplished by large 
crews of laborers, is enormous, and the time in which it is accom- 
plished is short. It may be said that very few miles of railway 
are built without its use, and yet before it may be used to advan- 
tage the way must be built and tracks laid to permit the passage of 
the machine, and for the delivery of the loaded cars. Their first 
uses, then, in new work, are for lowering a grade, widening a cut, 
or furnishing ballast or filling, and the railroad excavator is rarely 
used, and is nearly useless in the construction of the first roadbed, 
or in the penetration of obstructions. For the first passage of 
trains a temporary roadbed having been built and connection es- 
tablished, the excavator is then used to greatest advantage. It 
may be placed in position for widening a cutting or lowering a 


grade, and with connection and transportation established, with 
successful operation, the amount of material moved and transferred 
is generally about all that can be taken care of. 


In operation on an established line of road, the method of man- 
azement, and the purpose for which it is useful are different. Or- 
dinarily its services are required much of the time either for fur- 
nishing material for ballast or for widening cuts. It is necessary 
on every line with gravel roadbed to renew or repair the track 
foundations which severe rains have washed away, or which heavy 
traffic has affected. It is the practice of many railroads to use 
steam excavators for this purpose alone, operating them for one sec- 
tion, and when their work is there finished, transferring them to 
another. The approaches to bridges, the filling in of permanent 
way of wooden trestlework, are important uses and necessities for 
old and new railroads. 

In addition to the excavator itself there are ordinarily required 
one or more locomotives for transferring cars, from seventy-tive to 
one hundred and fifty gravel cars properly fitted for the operation 
of the gravel plow, and the gravel plow or ballast unloader with its 
zable and connections. 

For the operation of the machine, an engineer, fireman, cranes- 
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man and several laborers for work in the pit 
preparing a way for the machine are required, 
The train crew consists of the ordinary work- 
ing crew, together with other men for the 
direction of operations. 

Fig. 140 represents the plan of a shovel’s 
work in a entting. As stated, the main line 
is open, at least for a distance allowing the 
length of the gravel train beyond the position 
of the excavator. If traffic is upon the line, 
there is usually a side track of sufficient 
length to allow the gravel train to remain 
upon it, preventing the interruption of traffic. 
In loading these cars, operations are com- 
menced either from the rear or forward end 
of the train, and as each car is loaded the 
succeeding one is hauled into position to re- 
ceive material. After the completion of the 
train load the train awaits orders, or is trans- 
ferred immediately to the point of dumping, 
and it is there that the gravel plow or un- 
loader is of use. 

Fig. 139 illustrates such an unloader very 
often used. The gravel cars for use with 
this appliance must be fitted with a centre- 
board or wooden strip placed on each car as 
shown, and running the entire length of the 
train. To the plow is attached a wire cable 
running the entire length of the train, and 
with this cable attached to the draw-head of 
the locomotive, beginning with the farthest 
car, the material may be thrown from either 


side of the train. It accomplishes its work ° 


rapidly, and a train length may be unloaded 
at the rate of about two feet per second. Its 
construction is simple, having a cast-iron or 
steel headpiece to which are riveted wrought- 
iron side pieces, so curved and formed that 
they may work under the material and push 
it aside, while the weight of the material itself 
keeps the plow on the track, and prevents it 
from riding on the material. 
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Several other designs are in use differing in the details of con- 
struction, but accomplishing practically the same work. 

The excavator is sometimes worked in material requiring the 
aid of blasting to loosen it preparatory to the work of the machine. 
When so working, the greatest skill of the attendants is necessary, 
for if this is not exercised, and the machine used as for ordinary 
work, it is likely to be subjected to strains which it cannot endure. 
However, with care the machine may endure indefinitely the most 
severe work in rock digging, and its use for the removal of such 
material has been found very economical. 

In the hardest kinds of clay, in cemented gravel or hard pan, 
in ordinary gravel or sand, the shovel performs its functions most 
satisfactorily, and for this service is ordinarily used. The machine 


BALLAST UNLOADER 


Fig, 139, 
very often works in material interspersed with large boulders and 
strata of concrete gravel or tenacious clay, and so hard as to leave 
a vertical trace of the teeth of the dipper in the bank, 

As to cost of removal of earth by these machines, no definite 
statement can be made in general to apply to all varieties of work. 
There are many limiting circumstances affecting the cost of any 
particular piece of work, but a few statements as to what has been 
done with some of these machines may be made, and in material 
ordinarily met with. 

Aside from local circumstances of hardness of the material, and 
the skillful and successful operation of the machine itself, one 
most important feature affecting the cost and volume of a day’s 


_ 
; 
<< 
= 


STEAM EXCAVATORS. 529 


output is the constant operation of the machine. While working 
in the same material obviously a machine may make very different 
reports, when it is kept constantly at work, or when it is delayed 
by a want of proper equipment in the number of cars, or in un- 
warrantable delay waiting for the right of way for the gravel 
trains. Any such delays affect very seriously the result of a 
season’s work for a machine, and it may appear to have done badly 
when in reality it has done all that could be expected. 

In the operation and management of a railway, the gravel train 
is accepted as an outcast, and the right of way for transportation 
from a gravel pit to its destination along the line is given only 
when all other trains have had their way; and, as a result, by the 
detention of the train the operation of the shovel is often stopped 
and its results severely affected. These detentions are most com- 
mon occurrences, and it may be said that only’in exceptional cases 
are excavators kept constantly at their work, and when from fort- 
unate circumstances or by goud management they are kept in con- 
stant operation, their results as to volume of material removed 
and cost per cubic foot is reduced often one hundred per cent. 
As a consequence, there are very few reports furnished by con- 
tractors or operators, without some limiting conditions affecting 
materially the cost of the removal of the material. The reports 
now in possession of the writer from excavators which have been 
in service in many parts of the United States may give an idea of 
the cost of excavation with good management and fairly satisfae- 
tory conditions. From a report of the General Roadmaster of the 
New York Central and Hudson River Railroad Co., of work done 
by two shovels on the Eastern and Western Divisions, we find the 
largest day’s work for one shovel at Yost’s pit was 174 cars, the 
average for the month of August being 121 cars per day, and for 
July 116 cars per day. We cou!d have made a larger average than 
this with twenty more cars. The trains making long runs could 
not keep ears in the pit. 

The largest day’s work at Bergen pit with one machine was 
156 car loads, the June average being 117 cars, and the July 116 
ears per day, and for two weeks in August 134 cars per day. At 
this pit they came in contact with cement, hard pan, and very 
coarse material, 

At Yost’s pit they have loaded 10,511 cars in four months up to 
August 1. I have figured these at 9 yards per car, which is low, 

making 94,599 yards. The cost of delivering on road bed was 
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$5,161.25 or about 54 cents per yard. The average cost for hand- 
ling by men loading and unloading is 14 cents per yard. 

From the report of a maghine working in New Mexico on the 

line of the Atchison, Topeka and Santa Fé, we find from the re- 
port of the Superintendent that “the material which we could 
handle with the least trouble, and the cheapest, is of no use for the 
purpose needed. Our work has been almost wholly in cemented 
gravel. In this material, however, we tind no difficulty under 
favorable circumstances in loading 75 to 100 cars per day, at a cost 
not to exceed 10 cents per cubic yard.” 

The engineer of the Cleveland, Mt. Vernon and Delaware [ail- 
road gives some statements as to the cost and amount of some ex- 
eavating work done under his direction. Shovel worked about 
54 months in stiff clay. 

In March loaded 1154 cars; worked 24 days. 
Aug. 1157 
Sept. 1556 
Oct. 1552“ 2 
Noy. 539 * 12 


A total of 6,915 cars, 41,490 yards. 
Greatest number of cars loaded in a single day, 97. 
Shovel supposed to work 10 hours a day, but did not average 


more than 63 hours on account of waiting on cars. 
Car loads average 6 cubic yards per car. 


Average cost of loading is 3 cents per cubie yard, including ex- 
pense of all men around, shovel and oil, waste, ete. 

Loaded, hauled material, and unloaded at a distance of ten miles 
from pit or shovel, at ten cents per mile, including all costs, shovel, 
use of cars, engines and crews. A twenty-mile haul on this road 
costs 15 cents per yard, and a thirty-mile haul about 20 cents per 
yard, while I have known some roads on which a thirty-mile haul 
costs over 75 cents per yard, depending on frequency of trains run- 
ning on road. 

The reports show how variable is the cost of excavating, de- 
pending as it does upon delays unavoidable on every line of rail- 
way, upon the weather, character of the material, length of haul, 
and many other conditions. When conditions are favorable as to 
material, prompt and short hauling, with no delays, the results 
show a very large increase in the output, and often a decrease in 
cost. The following report from the Superintendent of the Sioux 
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City and Pacific Railway gives the operations of a shovel for nine 
months working in a yellow clay bank from 30 to 40 feet in length, 
and with a one-mile haul: 

The total number of ¢ars loaded was 31,420 in 209 days, giving 
an average of 150} cars per day. The greatest number of cars 
loaded in one day was 275, with an average of 6 cubic yards per car. 
The average cost of loading per eubie yard is 63 cents, including 
expense of all men about shovel, and shifting of shovel track. 
Average cost of unloading with one-mile haul, 7.8 cents, including 
wages of all men with trains and engines, use of cars and locomo- 
tives, with all supplies and repairs of same, making a total cost of 
14.3 cents per cubie yard, or 85.8 cents per car delivered on track. 

A report showing the largest amount of work, with the most 
complete detail as to the expense of operation, is furnished by the 
resident engineer of the Missouri Valley and Blar Railway and 
Bridge Co., contractors for the Chicago and Northwestern bridge 
across the Missouri River at Missouri Valley, the material ex- 
cavated being used in the approaches to the bridge. 

The work, a report of which is herewith given, was done under 
the most favorable circumstances, with but few delays, and with 
but one locomotive, as the cars ran down the hill themselves while 
being loaded,the locomotive being employed to haul the empty 
cars back; the haul was short, and a round trip was made in thirty 
minutes. 

The report shows that during the work of six months the average 
number of cars loaded per day was 205, including delays and mov-. 
ings, and that the average cost per cubic yard was 7 cents, which, as 
shown, included labur of loading, moving shovel about once a 
month, moving track to suit, dynamite for caving bank, repairs of 
shovel, fuel, oil, waste, wages of watchman, rent of cars and loco- 
motives, labor of engineers, firemen and wipers, labor conductors 
and brakemen, and in fact absolutely everything connected in any 
way with filling the embankment. 

Such results are very satisfactory and are se!\dom equaled, and 
would not be accomplished were the road open to other traffic or 
with long hauls. 

For work in connection with the maintenance of the roadbed, 
the excavator is growing yearly in favor. From their increased 
manufacture there comes a development in its capabilities which 
renders its use almost indispensable in the maintenance of way, and 
at the same time, with this competition there is a reduction in the 
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cost of the machines, which places them in the market at a very 
low tigure. 


Their use obviates the necessity of large crews of laborers, and 
this fact alone, when the striking element is employed, increases 
the advantages of the machine and the tendency to its general 
use. 


STRAINS IN 


LOCOMOTIVE BOILERS, 


CCCcIT, 


STRAINS IN LOCOMOTIVE BOILERS. 


BY L. 8. RANDOLPH, MT. SAVAGE, MD. 


(Member of the Society.) 


Tue failure of locomotive boilers by cracking in an apparently 
mysterious manner caused the writer to take a special interest in 
the subject a number of years ago in order to determine, if possible, 
the cause. 

The first point which came under observation was the breaking 
of stay-bolts, large numbers of which were found broken, inva- 
riably close to the thicker sheet, the fracture being square across, 
and, in 90 per cent. of cases examined, flush with the inside surface. 
These stay-bolts were of the usual form, threaded throughout their 
entire length, and screwed through both sheets. 

When the fracture was not flush with the sheet, it oceurred slightly 
under the sheet. 

Upon breaking the stay-bolt away from the thinner sheet. the 
fracture was invariably crystalline, the bolt breaking like cast iron 
with one or two blows of a hammer; the fresh portion of the frac- 
ture sometimes included the whole area of the bolt, sometimes only 
a portion, which was generally elliptical in form, showing that the 
crack had started some time before. 

The central portion of the bolt when broken in a vise showed a 
silky fibrous fracture, proving that the material had originally been 
good, but had been injured at the ends where it entered the sheet. 

It was also observed that the stay-bolts near the upper corner of 
the fire box were always the first to go; those in the central por- 
tion of the water space near the mud ring very seldom giving 
way. 

The only theory which would fit the observed phenomena is that 
the difference of temperature between the outside and _fire-box 
sheets causes a difference in the amount of expansion, which, by 
constant repetition, ‘ wiggles the bolts in two.” 

Assuming a difference of three hundred and forty degrees Fahr- 
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enheit between the temperature of the two sheets, we would get a 
motion of one quarter of an inch (j") in a fire box ten feet long, 
which would give one-eighth inch for the end bolts, assuming the 
expansion to take place uniformly from the centre. 

In order to test the effect of this motion, a stay-bolt was fitted up 
as usual, one sheet being three-eighths inch (%") thick, the other 
five-sixteenths inch (,4;"); by fastening one to the head of a shaping 
machine, and the other to the bed, the }’’ motion was obtained, 

The following table gives the results, the distance between the 
plates being four and one-half inches (44°) and the diameter of 
bolts over threads seven-eighths inch ({’). 


No. of 
Vibrations 


1400 Fastened with nut under one plate, viz., firm. 

5569 not firm ; used same 
plate as No. 1, hole worn. 

3345 Riveted with four-pound hammer. 

2600 

1600 centre of bo!ts had threads 
turned off to diameter of 0.726°. Threads 2?” above 
plate. 

600 Same as No. 7, diameter 0.625 . 

1540 Same as No. 8. Threads remain |” above plate. 

1700 - ‘* Threads turned off to plate. 


All of the above were with the same shipment of stay-bolt iron, 
Several tests of stay-holts made of common iron gave from 800 to 
1,300 vibrations, and one test of a special sample of stay-bolt iron 
gave 12,000 vibrations. 

Assuming that fires are banked twice a day for 300 days in the 
year, would give 600 vibrations per year, which, for 2,500 vibrations 
as the life of the stay-bolt, would give over four years as the life of 
the bolt under maximum vibration. This is about a year longer 
than they usually last. 


The use of the two-pound hammer increased the durability con- 
siderably, probably on account of the bolt being held with less 
firmness in the sheet. 

The writer has attempted to increase the durability by making 
the bolt fit loosely in the plate, but found that corrosion so soon 
cemented the two together that the trial was abandoned. 

The results obtained on stay bolts naturally led to the question, 
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What is the effect of expansions and contractions on the boiler 
generally. 
The first observed effect was a bad case of corrosion in the back 
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Mud ring 
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Fig. 142, 
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sheet of a fire box of an anthracite coal-burning engine at the mud 
ring. Fig, 141 shows the arrangement, a @ are water-tube grate 
bars attached rigidly to the front sheet; 4 } are thimbles through 
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which the solid bars passed. Under a a there was very bad pitting 
or grooving; under b+ none at all, the bending of the sheet by the 
expansion and contraction of the water-grate bars @ a kept the 
scale broken so that the water could get in to the iron. 

Indications of the same action were found in several bad cases 
of grooving, both on longitudinal and circumferential seams with 
the ordinary single riveted lap joint; and in the flanges of the front 
flue head, although the latter, in all but one case, showed very 
decided evidences of cracking of the metal from the repeated strain, 
the corrosion being more of an after effect. 

Fig. 142 shows very distinctly the effect on the sheet by the 
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bending of the stay bolt in the cracks radiating from ‘the stay-bolt 
holes. At B B the cracks extend almost from one stay-bolt hole 
to another. 

Fig. 143 shows the effect of expansion and contraction on a 
flange, the first intimation that there was anything wrong with 
the boiler being the steam blowing through the crack marked 
A A. The cut shows the appearance from the inside. 

The writer’s experience has shown that in nearly every case the 
failure of boilers is due, except where corroded by bad water, to 
failures of metal, from repeated straining beyond the elastic limit 
by difference in amount of expansion and contraction. 

So far the use of large easy curves for flanges and very soft 
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metal throughout the boiler are the only methods which have met 
with anything like success in overcoming this difficulty. Corru- 
gated flues and fire boxes would probably save a great deal of the 
trouble, but they are open to objection, especially where the coal 
used contains much sulphur, on account of corrosion caused by soot 
and ashes lying in the corrugations. 


DISCUSSION. 


Mr. Harvey Middleton.—My experience will bear out all that 
Mr. Randolph has stated as to that peculiar form of boiler. But 
recent practice has shown that the Belpaire boiler overcomes 
it. I can aceount for that only by the fact that it gives us a better 
chance of staying the boiler, both to the crown sheet and the roof 
sheet, and outside sheet to side sheet of fire-box. Mr. Ran- 
dolph’s paper has opened up a field which will develop, I think, a 
reason why the Belpaire boiler is giving us this satisfaction in not 
breaking as many stay-bolts as the old form of boiler. We find 
the Belpaire boiler much more satisfactory iu that respect than 
the old form, on account of our being able to stay it in perfect line. 
Take the cylindrical form of boilers ; the threads of the stay-bolts 
are not in many cases over one full thread in the sheet, while with 


‘the Belpaire we get full threads in both sheets. The accompany- 


ing illustrations show its construction, Figs. 307 and 308. 

Mr. H.de B. Parsons.—\ should like to ask Mr. Middleton if the 
bolts in the Belpaire boiler are not longer than the stay-bolts in 
the other class? 

Mr. Middleton.—Not in the side sheets; they are in the roof 
sheets. Instead of using bars we use stay-bolts about eighteen 
to twenty inches long. The stay-bolts, asa rule, are all in perfect 
line. The body of the Belpaire boiler is such that it is nearly all 
straight lines, except the curve from the side sheets to the roof 
sheets. 

Mr. Wm. Kent.—There is one little fact mentioned in that paper 
which is of some importance in other branches than locomotive 
building. I refer to the apparent crystallization of the ends of 
stay-bolts. It has been a disputed question as to whether a piece 
of wrought iron which was good originally could be crystallized. 
Here we have evidence showing that iron which was originally 
good can be crystallized, and if it happens in hundreds of instances, 
it seems to be strong proof that iron which is originally of excel- 
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lent fibrous structure will, under repeated vibrations, assume a 
structure which looks crystalline, whether it is erystalline or 
not. 

Mr. S. W. Baldwin.—Mr. Randolph mentions that his stay-bolts 
in the shaping-machine test stood a number of vibrations corre- 
sponding to a life a year longer than is usually expected in prac- 
tice. I would suggest that this difference could be accounted for 
by the fact that in actual use the stay-bolts are under tension 
when they are flexed. In the machine test the bolt was probably 
not under tension. <A bolt could not be expected to last as long 
under the sum of the strains as when vibrating without being 
under tension. 

Mr. J. T. Hawkins.—I think the case cited of stay-bolts is an 
instance warning the engineer to avoid, in every possible way, any- 
thing like a re-entering angle in members of structures which re- 
ceive strains, such as a thread in these stay-bolts where they are to 
be subjected to any such action as is characterized as “ wiggling” 
in the paper. It seems to me to be akin to that which I described 
in the topical discussions of this meeting as coming from the dis- 
integration of the material in shearing plates. We have here a 
stay-bolt which is threaded throughout its entire length, and frac- 
turing invariably, as shown, either near or within the plate, and it 
appears to me that this is a case where the re-entering angles of 
the threads give every facility for initiating a crack or cracks in 
the bolts from the continued vibration or oscillation produced by 
the difference of expansion of the two sheets, and the lesson that 
is taught principally by that is to avoid that kind of a stay-bolt 
where there is any possibility of “ wiggling,” which is a good term 
for it. 

Mr. Parsons.—At the foot of the first page the writer observes 
that the stay-bolts in the upper correr of the fire-box are always 
the first to go. The reason for that, it seems to me, is the fact 
that the mud-ring at the base gave that part of the boiler so much 
strength, and held the two sheets so very firmly together, that the 
expansion was upward, and the greatest difference then would be 
at the top, and the top stay-bolts would be the ones subjected to 
the greatest wiggling, if I might be allowed to use the writer’s 
words. 

Mr. H. P. Minot.—Isn’t it always the case that the stay-bolts 
give out near the outer sheet? I understand that to be so. If it 
is so, why does it give way there more than in the inner sheet ? 
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Mr. Middleton.—I think that is only a supposition. In examin- 
ing a boiler that exploded two years ago, I noticed that there were 
as many broken stay-bolts in the inner sheets as in the outer, 
some right in the centre. 

The President.—Dou’t you think the upper stays had a greater 
strain on them than those below ? 

Mr, Middleton.—They had in a measure ; but at the same time 
I think it is owing to the peculiar form at that point. There is a 
flat spot right at the top of the outer shell, opposite the crown 
sheet, and I think it is owing a good deal to the vibration as men- 
tioned in Mr. Randolph's paper. 

Mr. Jacoh Reese-—Ave the stay-bolts iron or steel ? 

Mr. Middleton.—Iron. 

Mr. Reese.—And presumed to be fibrous when put in: 

Mr. Middleton.— -Yes, sir. 

Mr. Reese.—The cause of fibre, as I take it, is in the method of 
making iron, either by the catalan fire or by the puddling pro- 
cess. I will specially describe the puddling process. The 


process is conducted at a temperature, say, about three thou- 
sand degrees Fahrenheit. The metal is melted at about two 
thousand. As the carbon is taken out the fusion point is 


raised up to about four thousand, and the iron freezes in the fur- 
nace at a temperature of three thousand]. It is too cold for it. It 
freezes the same as water crystallizes when it is subjected to cold. 
And this freezing iron in the puddling furnace comes up in little 
crystals, the same as water does in freezing, and they unite with 
ach other until we get the puddled ball. That puddled ball is a 
regular sponge, and there is an oxide that runs over it, and it runs 
down and permeates the whole thing. When it is squeezed and 
rolled out, the oxide is interlaid between the particles of iron, so 
that there is an interlamination of iron and oxide distributed 
throughout the whole bar, so that when it is pulled out its fibre is 
threads of laminw between the particles of oxide. By concussion 
and vibration the oxide breaks and the iron exhibits a granular 
texture. It is the iron which is tough and ductile; the oxide is 
hard. The vibration breaks that and gives the phenomenon of 
crystallization. 

Mr. Middleton.—Yes ; but the explosion developed the fact that 
there were quite a number of stay-bolts that had been broken in 
the manner described by Mr. Randolph. All those show good 
material, but at their points they showed crystallization. 
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Mr. eese.—It is as impossible to get a perfect piece of iron as 
it is to find a perfect man. You take a bar, and it will break 
just where you did not expect it to. 

The President.—W ere those stay-bolts all iron ? 

Mr. Middleton.—Yes, sir ; steel has not generally come into use 
in locomotives. We usually try to get a tough fibrous iron simi- 
lar to the Sligo. Sligo is taken as a standard—an iron that will 
bend cold to itself without cracking. That is the usual test for 
all stay-bolt iron. 

The President.—They are using steel in marine boilers. 

Mr. Hawkins.—1 would like to ask Mr. Middleton, or any other 
member present, if he knows from his experience whether the well- 
known thimble stay-bolt gives way in the same manner that the 
threaded stay-bolt does? Ithink that would be the point that 
would show whether the position I take on that question is sound. 
It would be pretty well settled by that—if the thimble stay-bolts 
do not give way and the threaded bolts do. 

Mr. Middleton.—I cannot answer that question. Thimble stay- 
bolts are used very little on locomotives. 

The President—The trouble with the stay-bolts, the type which 
you speak of, is the very great difficulty in keeping those bolts 
tight on heavy pressures. We abandoned them, and use in marine 
practice a screw stay-bolt with a nut on each end; a nut inside 
the fire-box and a nut outside the fire-box. 

Mr. Middleton.—We only use the nut stay-bolts on the crown 
sheet. On the side sheets they are just merely screwed into the 
sheet and rounded over in the usual manner. 

Mr. Minot.—I think that it is a pretty general thing for these 
stay-bolts to give way close to the outside sheet. I have that 
from the master mechanic and superintendent of motive power 
at the Fort Wayne shops of the Pennsylvania system. They 
drill a small hole, I should think about ;4,; of an inch, into the out- 
side of the stay-bolts, so that they may know at once when that 
fracture takes place. I looked into the matter considerably when 
I was in the shop, and they told me that they invariably broke 
next to the outside sheet, and never at the inside sheet. 

Mr. Kent.—I would like to ask if any one here has any experi- 
ence in hollow stay-bolts which are expanded into the sheet in- 
stead of screwed. 

Mr. Hawkins.—I would like to ask the President if he has 
any experience of the kind of stay-bolts mentioned by him 
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giving out at any point? It would seem to me that that kind of 
stay-bolt would give out at the nut if anywhere. 

Mr. Horace See.—We lave been using them now about two 
years, and have not had any of them to give out, nor have we had 
the socket-bolt give out so far as breakage is concerned. The 
trouble with the socket-bolt, where the head on one end is driven 
by hand, is to make it tight. A man in driving such a bolt will 
sometimes upset it all on one side, and there will be nothing left 
for the joint or to calk it tight. It is necessary in all boiler 
work of to-day to bring it down, as near as possible, to machine 
accuracy. The marine boiler of to-day is built very much like 
the steam engine, the most of the work being done by machines. 
The shells are all drilled ; in fact, very nearly all of the holes in the 
boiler are drilled. Screw stays are used wherever it is possible, 
because they can be made and fitted with much greater accuracy 
than a stay-bolt driven by hand. Hand-riveting is avoided, and 
machine-riveting is used as much as possible. I think in the case 
of trouble with the upper stay-bolts that expansion played a 
very important part. Expansion is greater on the inside, where 
the tire is located, than it would be on the outside. The outside 
diameter of the boiler is very nearly a constant one, the changes 
are not as great or rapid as on the inside, and that continual 
change of the length of the inside has a racking effect on the stay- 
bolts: the racking effect is a maximum close to the outer sheet, 
and the leverage is against the stay-bolt at the outer sheet. 

Mr. Parsons.—As regards the breaking of the stay-bolts near 
the outer sheet, I think there is a very good reason in the fact 
that the outer sheet is stronger than the inner sheet. In the first 
place, it is generally thicker; in the next place, it is a part of the 
whole shell structure of the boiler. The inner shell is weaker, be- 
cause it is generally thinner. Now for differences in tempera- 
ture, the plates are trying to pass, one by the other, and cause 
a bending strain in the stay-bolts; the inner sheet, being thinner 
and weaker, may bend a little; a little is enough to release this 
strain. The outer sheet being thicker and stronger, holds the 
bolt firmly at that point, and in consequence the section near the 
outer sheet is the one to receive the greatest strain; and, in gen- 
eral, if the bolts are equally strong and of uniformly good mate- 
rial, they will break at that point. 

Mr. Kent.—In answer to Mr. Hawkins’ question, I think such a 
stay-bolt is used in the Heine boiler. 
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Mr. Wilcox.—You are mistaken about that, Mr. Kent. They 
are screwed in the Heine boiler. The hollow stay-bolt is .88 
inch inside diameter, and 1.66 inches outside diameter ; it is cut 
in lengths of about 12 inches. The distance between the sheets is 
only 11 inches, less the thickness of the sheet, and it is serewed 
in in both cases. We have an ingenious way of putting these 
stay-bolts in. We use the Stowe flexible shaft. We have what is 
equivalent to an expanding reamer, which runs into the short tube, 
and then it is put into the boiler and screwed as tight as it can 
go. 

Mr. Parsons.—In answer to Mr. Kent, I would say that hollow 
stay-bolts are used very often in the English locomotive practice. 
I think they are both expanded in and screwed in. I have, how- 
ever, had no experience in the English shops; my information 
merely comes from the designs of recent practice in that line. 

Mr. L. 8S. Randolph.*—My. Kent refers to the apparent erystal- 
lization of the stay-bolts. Although I have seen well-formed 
cubical crystals in the fractured surface of a wrought iron axle 
broken under the drop test, the word there is used to describe 
that peculiar silvery fracture which is usually called crystalline. 
I do not believe that simple vibration can produce it in iron orig- 
inally good, but always regard it as proof of the metal having 
been strained beyond the elastic limit several times. I am not 
prepared to state that a single overstrain will do it, although I 
think that it will unless the metal is exceptionally good. 

I agree with Mr. Baldwin. The bolts in the machine test were 
not subjected to a tensile strain. 

In reply to Mr. Minot, would say that the outside sheet is 
almost invariably the thickest, with the exception of the flue-sheet ; 
and as the stay-bolt has a longer bearing, it is held firmer, is bent 
more, and consequently breaks sooner. 

Mr. Middleton speaks of Sligo iron being the strongest. The 
sample mentioned as standing 12,000 vibrations was Sligo iron. 

Since this paper was written, I have tested samples of the iron 
from sheet shown in Figs. 143 and 142. Fig. 142 stood 49,200 
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Ibs. per square inch, and gave 6% elongation. Fig. 143 stood 
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48,500 Ibs. per square inch, and gave 6}¢ elongation. 
* Author’s closure, under the Rules. 
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MEMORANDA ON THE PERFORMANCE i COM- 
POUND ENGINE, 


BY GEO. H. BARRUS, BOSTON, MASS. 


(Member of the Society.) 


Tue records of the Society contain little information regarding 
the performance of compound engines, and there are few data any- 
where on record, so far as I am aware, as to the work of a certain 
class of mill engines which is now coming into use, which consists 
of two unjacketed cylinders placed side by side and connected 
with an unheated intermediate receiver. Having recently made a 
test of such an engine under favorable circumstances, I embrace 
the opportunity to submit the data and results which it gave. 

The diameter of the high-pressure cylinder was 26 inches, that of 
the low-pressure cylinder 48 inches, and the stroke of both was 60 
inches, Steam was furnished by Harrison sectional boilers, after 
first passing through a steam drum of ample size. The exhaust steam 
was condensed in a surface condenser, the circulating water for 
which was supplied by a duplex steam pump having steam cylinders 
9 inches diameter, water cylinders 10 inches diameter, both 12 inches 
stroke, which also exhausted into the condenser. The engine was 
fitted with a connected air pump which discharged the condensed 
water into a hot well, consisting of a large rectangular tank. The 
intermediate receiver was drained by a trap which discharged into 
the hot well. The engine was of the Corliss type. The governor 
operated on the cut-off of the high-pressure cylinder. This had no 
connection with the cut-off of the low-pressure cylinder, which was 
arranged so as to be fixed at any desired point. 


The results of the test are based on the quantity of steam ex- 
hausted from the engine, the condensed water discharged from the 
surface condenser being measured for this purpose. The use of the 
surface condenser enables this determination to be made with un- 
usual accuracy. 
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Jan. 18, 1888, 3.27 p.m. 

Seale H. P. Cyl. 60; L. P. Cyl. 20. 
Boiler pressure by engine-room gauge, 94.5 Ibs. 
Receiver “ “ 6.7 * 
Revolutions per minute . . . . . 52.8 


H. P. Cyl, Front End. 


H. P. CyL, Crank End. 


Fig. 144 


L. P. Cyl, Front End. 


L. P. Cyl., Crank End. 


Fig. 145 
The data and results of the test are given in the following table, 
appended to which are copies of a representative set of indicator 
diagrams. Fig. 144 represents the cards from the high-pressure 
cylinder, and Fig. 145 from the low-pressure cylinder. 
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2. * Total quantity of steam consumed..............-. lbs. 44,436.3 
3. Steam consumed per 9,874.5 
4. Average boiler pressure by engine-room gauge..... ng 94.3 
revolutions per minute. rev. 
9. indicated horse power developed.......... 606 .53 
10. Steam consumed per I. H. P. per hour............. lbs. 16.28 
11. Coal consumed per I. H. P. per hour, based on stip- 


t MEASUREMENTS AND COMPUTATIONS BASED TWO SETS OF 


SAMPLE DIAGRAMS. 


P. 


i 


P. Cyl. L 


[Receiver] 


12. Boiler pressure by gauge in engine room... lbs. | 94.2 6.2 
13. Highest initial pressure in cylinder above 

14. Average cut-off pressure in cylinder above 

15. Average gang pressure in cylinder 


Proportion of return stroke uncompleted at 
19. Back pressure at mid stroke + or — atmos- 


20. Back pressure at lowest — + or — at- 

21. Mean effective pressure a as measured. hace 41.26 9.28 
22. Equivalent M. E. P. referred to one ¢ ylinder oe 73.10 | 21.31 
23. Steam accounted for by diagram at cut-off. ‘ 12.60} 11.78 
24. Feed water consumed per I. H. P. per hour 

25. Proportion of feed water accounted for at 

26. Proportion of feed water accounted for at 


The valves and pistons were tested independently for leakage. 
The valves were found in excellent condition. So also was the 
piston of the low-pressure cylinder. The piston of the high pres- 
sure cylinder leaked to some extent. 


* Includes that used by circulating pump. 
+ Average of diagrams taken every 20 minutes. 
¢ Assumed clearance each cylinder 3 per cent. 
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16. Average release pressure in cylinder above | j 
17. Proportion of direct stroke completed at 
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DISCUSSION. 


Mr, J. 8S. Coon.—I would like to ask Mr. Barrus how he accounts 
for the rise in the return line of the high-pressure card when there 
should be a drop. 

Mr. Barrus.—I\ supposed it was due to the manner in which the 
steam was drawn from the receiver. I had not looked at that 
particularly. 

Mr. Il. B. Gale—There is a little addition to the data given 
here which I would like to obtain if Mr. Barrus can furnish it; 
that is, what was the volume of the receiver, and how were the 
two strokes timed in relation to each other? 

Mr. Barrus.—The receiver was simply a pipe, perhaps a little 
larger than just sufficient to carry the steam, and the cranks were 
set 90 degrees apart. 

Mr. Coon.—If it would be in order, I would like to give some 
data about a compound engine which I tested. It was one of the 
engines at the Boston Sewage Works. The diameters of the cylin- 
ders are 25} and 52 inches, the stroke is 9 feet, and the piston 
speed was about 190 feet. The steam pressure carried was 100 
pounds. The cylinders are thoroughly steam-jacketed and the 
interspace is also jacketed—or the superheater, as it is called, the 
volume of which is almost exactly equal to the volume of the high- 
pressure cylinder. There were two tests made ; one was made in 
the winter, and the other in the spring. The consumption of feed 
water per hour was 14,3; pounds per indicated horse-power, and 
the consumption of coal, which was of picked quality, was 
1,3; pounds, which, so far as I am aware, is the best record 
which has ever been made in this country. 

Mr. Barrus.—I would like to ask Mr. Coon if the quantity of 
steam used in the steam-jacket was measured ? 

Mr. Coon.—It was not. 

Mr. H. P. Minot.—I cannot understand that card the way Mr. 
Barrus has explained it—that the crooked line there is due to 
the receiver. I do not think the steam got into the receiver at the 
time that line was made. I think that we ought to find out what 
the matter is there. 

Mr. H. de B. Parsons.—If the cranks were set at 90 degrees 
apart, and the receiver had a capacity equal to that of the high-pres- 
sure cylinder, or a little larger, then at the end of the stroke, when the 
valve would release the steam, it would go into that receiver and 
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the diagram would show a low pressure at that point. Then, as 
the piston returned and pushed the used steam out of the high- 
pressure cylinder, forcing it into the receiver, that is reducing the 
space, it would gradually raise the pressure in the receiver until 
the engine had come to the quarter-stroke on the return, when 
the valve opens to the low-pressure cylinder, slowly at first, and 
allows the steam in the receiver to flow into the low-pressure cylin- 
der. We thus have the fall shown on the bottom curve of the 
diagram until the point of closing of exhaust of the high-pressure 
cylinder. Then follows the compression and the admittance of 
live steam, and the card is traced over again. If the one cylinder 
had exhausted directly into the other, the whole card would have 
been of an entirely different shape. 

Mr. FE. 8. Cobb.—1 would like to inquire of Mr. Barrus if I under- 
stand what he said correctly. I believe he said that the steam in 
the high-pressure cylinder had its cut-off regulated by the gov- 
ernor, and the steam in the low-pressure cylinder had its eut-off 
fixed at a certain point before the engine was started. Is that cor- 
rect? I would like to inquire then what effect the action had upon 
the indicator diagram, when the engine automatically cut off at a 
greater or less point in the high-pressure cylinder? Did not that 
change the shape of these diagrams very materially, or was not 
that point considered? It seems, from the size of the receiver 
between the high and low pressure cylinders, that any difference in 
the cut-off in the high-pressure cylinder must necessarily affect the 
action in the low-pressure cylinder. Ilow much that effect was, I 
would like to know. 

Mr, Barrus.—I do not think I can state that without reference 
to the diagrams. I presume an examination of the diagrams would 
show that. 

Mr, Coon.—I have taken a very large number of indicator dia- 
grams from compound engines of this type, cutting off in the same 
engine from very early to very late in the high-pressure cylinder, 
with no change in the point of cut-off in the low-pressure cylinder, 
and the only variation is in the area of the cards. The low-pres- 
sure card would appear just as it does on this paper, except that 
the steam line would be lower. The poiuts in it would be just as 
they are here, except the card would be thinner, so to speak, verti- 
cally, and the high-pressure card, part of it, might perhaps, in cut- 
ting off earlier than this, drop below the atmospheric line ; but 
otherwise the relations would remain as they are here, and there 
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should be no change in the point of cut-off on the low-pressure 
cylinder, no matter what the range is in the high. 

Mr. Cobb.—I would like to ask Mr. Coon if he would consider 
that last statement trne without regard to the proportion the re- 
ceiver held to the high-pressure cylinder; that is, if practically 
it was simply a pipe leading from the high-pressure cylinder to 
the low-pressure cylinder, would not that point of cut-off make an 
effect on one of the diagrams ? 

Mr, Coon.—If the interspace were very small, it would. 

Mr. Cobh.—Was the size of the steam pipe or the size of the 
exhaust pipe what would naturally be used for the size of the 
high-pressure cylinder ? 

Mr. Coon.—I shall have to retract what I said then. It would 
not. You take the Holley pumping engine, which has the smallest 
interspace of any engine built, so far as I am aware, in which the 
cylinders are placed as close together axially as they can be, with 
only one valve between the high and low at either end, the clear- 
ance space is nothing, it is simply a clearance in the cylinder 
proper, and there is never any change in the point of cut-off 
between the cylinders, no matter what the range is in the high- 
pressure cylinder. That is a fixed thing, and it should be no mat- 
ter what the size of the interspace is. But, of course, the size of 
the interspace would determine the point at which the low-pres- 
sure cylinder should cut off. 

Mr. Cobb.—Does Mr. Coon intend to state that that would be 
true whether the cranks were at 90 or 180 degrees of one another ? 
It seems to me that must be true when the cranks are 180 de- 
grees of one another; but when they are at 90 degrees of one 
another I hardly see low that could operate. 

Mr, H. H. Suplee.—In regard to this matter of cut off in com- 
pound or multiple-expansion engine in a low-pressure cylinder, I 
would like to ask if it is not customary, particularly in triple-ex- 
pansion engines, to vary the cut-off in order to divide the work 
equally among the cylinders, and if the cut-off is changed in the 
high-pressure cylinder, to readjust as equally as possible the cut- 
off in the other cylinders, in order to permit the work to be as 
nearly as possible divided equally among the three cylinders? I 
think that is done in marine practice. 

Mr. Horace See.—I might say that in marine practice not much 
attention is paid to that. If an independent cut-off is used at all 
on an engine, it is only on the high-pressure cylinder. 
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Mr. Suplee.—Is there no link motion on the other two cylin- 
ders ? 

Mr. See.—The link motion is used, but no particular attention is 
paid either to its independent adjustment on any of the cylinders, 
and the same is true if the Joy or the Marshall gear is used, 
although the reversing arm may be slotted. 

Mr. Suplee.—Simply for reversal only ? 

Mr, See.—Yes ; there is no independent cut-off. 

Mr. Suplee.—I mean similar to the adjustment of link on a loco- 
motive engine, with the notches. 

Mr. See.—No; nothing similar to that. On a three-cylinder 
engine all of the links must be reversed together. You cannot 
reverse them separately. There is not that attention paid to the 
equal distribution of work in the different cylinders which there 
is in land practice. 

Mr. Parsons.—The remarks made refer to the usual practice, 
but there are special cases where the variable cut-off is placed on 
one of the cylinders to equalize its work, where a vessel's trip is at 
different speeds. Some classes of men-of-war, which are in 
peace run at slow speed, have been arranged with a variable cut- 
off for the intermediate cylinder; but it is not the usual practice. 

Mr, See.—-That is so only on two-cylinder compound engines, 
not on the triple-expansion engine. As a rule there is no provi- 
sion made on the triple-expansion engine. The plain compound 
engine generally has an independent cut-off on the high-pressure 
cylinder. 

Mr. Parsons.—I could not state now from memory the name of 
the ship (though I could doubtless ascertain it from reference) 
on which there was an independent arrangement to equalize the 
work done on the three cylinders, because the ship was expected 
during her voyage to make variable speed ; full power during one 
part, and two-thirds during the rest. 

Mr. See.—They sometimes use a slotted arm, but a slotted arm 
is not often used. 


Mr, Gale.—It seem to me that there is a very good reason for 
not varying the low-pressure cut-off in marine practice, and that 
there is often very good reason for varying it in land practice. In 
marine practice the work done by the engine is usually very 
nearly constant ; the ship is generally run at a certain speed, and 
there is seldom any reason for departing from that for any length 
of time ; but in land engines, where the work has to vary consider- 
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ably, it seems to me that the cut-off should be varied simultane- 
ously on all the cylinders, whether there be two or three; other- 
wise the work would be at some times very unequally distributed 
among the cylinders ; also the efficiency is more altered if the cut- 
off is varied simply in one cylinder than if it is varied proportionally 
in allthe cylinders. If we suppose an engine to be adjusted for a 
certain work to run at the greatest efficiency, and there is a certain 
amount of work done in each cylinder, then, when the whole work 
done by the engine is changed, we ought to change the cut-off to 
correspond in each cylinder, and keep the ratio of work the same. 
If I understand the theory of the compound engine, that would 
be the way to get the highest efficiency ; though in cases where 
the work of the engine ordinarily varies but slightly, the gain 
would probably not pay for the increased complexity. I would 
like to hear the reason for the statement that the cut-off on the 
low-pressure should remain fixed, while that on the high-pressure 
is varied. 

Mr. Coon.—The point of closure of the low-pressure inlet valve 
is determined at that point where the compression in the inter- 
space between the cylinders shall be such that at the end of the 
expansion line of the high-pressure cylinder card, where the 
high-pressure exhaust valve opens, there shall be no drop 
in it as there is in this. This engine, as shown by these 
cards at the low-pressure inlet valve, closed too late. In other 
words, there was not sufficient compression in the interspace 
to prevent a drop at the end of the high-pressure card. That 
point is determined by the relation of the interspace to the vol- 
ume of the high-pressure cylinder, and that relation is a con- 
stant quantity, and therefore the point of closure of the low-pres- 
sure inlet valve is a constant point, no matter what the expansion 
is in the high-pressure cylinder; that is, I mean, for maximum 
theoretical economy. So far as equalizing the work done in the 
cylinders is concerned, I doubt if the gain in that respect would 
equal the loss which you would incur by allowing the drop 
to oceur at the end of the high-pressure card, and therefore the 
initial drop of the low-pressure inlet. 

Mr. See—The engines of the four ships built at Philadelphia 
for the American Steamship Line had cut-off valves on both cylin- 
ders. Some of the engineers adjusted the cut-off on the high- 
pressure and others on the low. The economy of all the engines 
was about alike. It did not appear to make much difference 
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whether adjusted on the low-pressure or on the high. The 
difference in power was sometimes 50 per cent. greater in one than 
the other, but the economy of the machine was about the same in 
all eases. The adjustment of the cut-off on the low-pressure cyl- 
inder did not appear to make any difference in the economy of the 
engine. 

Mr. Gale.—I would like to ask Mr. Coon what is the authority 
for the statement that there should not be a drop at the end of 
the high-pressure card? It is found in single-cylinder engines 
that the greatest economy is attained with a drop. It is a loss 
of economy to expand clear down to the mean back pressure, 
because, for one reason, when you get nearly down to back pres- 
sure you have simply effective pressure enough to overcome the 
friction of the engine. Expanding lower than that isa loss. It 
not only reduces the net power, but also increases the loss due to 


cylinder condensation. I see no reason why the demonstration 
of this principle for a single-cylinder engine does not apply 
equally well to each of the cylinders of a compound engine, pro- 
vided they are correctly proportioned. If there are any experi- 
ments which prove that it is not so, of course that would settle 
the matter; but theory seems to indicate that the best result 
would be obtained when the terminal pressure is somewliat in ex- 
cess of the mean back pressure; that is, in a receiver engine of 
the class described in this paper, when the high-pressure card 
shows a slight drop at the end of the expansion curve. 

Mr, Coon.—As Prof. Gale has asked a question, I may be per- 
mitted to speak again. I would say my authority for making the 
statement is the fact that the engines that have been constructed 
on that principle have given the highest economy, and I am sorry 
that the data which I have in regard to that are of a confidential 
character. It was collected while I was connected with Mr. 
Leavitt, and it is the property of the Calumet & Heela Mining 
Company. They have a very large amount of data on those points, 
which of course are of a private nature. But I am at liberty to 
say that they all indicate that the point which I make there is 
correct, that there should be no drop at the end of the high-pres- 
sure card when the steam is admitted at the end of the low-pres- 
sure cylinder. 

Mr. Barrus.—I understood Mr. Coon to say that the amount 
of drop at the end of the stroke was proportionate to the size of 
the receiver, 
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Mr. Coon.—No, sir; I did not say that. 

Mr. A. F. Nagle.—I would like to ask Mr. Barrus, who has had 
such a large experience in testing engines, what he thinks would 
be the saving in this particular engiue if the steam cylinders had 
been steam-jacketed. For an unjacketed engine it is a very low 
water consumption, and I would like to know what he thinks 
would be the saving, accounting, of course, for the water contained 
in the jacket if it had been steam-jacketed. 

Mr. Barrus.—The difference between the figures given by Mr. 
Coon for the case which he states, which was 14,4, pounds of 
water per horse-power per hour, and the quantity in this test, 
which was 16,';, is due largely in my opinion to the use of tle 
jacket. 

Mr. Nagle.—He did not measure the jacket water. 

Mr. Barrus.—I know he did not; but that, as I understand, is 
included in the amount of feed water given. I have not very much 
data on the subject. I made a test on a high-pressure engine of 
small size in which the cylinder was jacketed, and the use of the 
jackets saved about 4 per cent. The difference between 16,3, and 
14,4; would be about 10 per cent. 

Mr. Nagle—The water should have been measured in the jacket 
to make that of any value. 

Mr. Barrus.—I should like to add to the discussion that the 
relative horse-power developed in the two cylinders in the case 
cited in the paper—or, rather, that the difference in power devel- 
oped by the two cylinders—was about 78 horse-power. Supplement- 
ary tests were made to determine what the difference would be 
when the low-pressure cylinder was made to cut off at an earlier 
point. An earlier cut-off here causes an increase in the back pres- 
sure of the high-pressure cylinder, that is, the receiver pressure, 
and both cylinders are therefore affected by the change. The cut- 
off was shortened so as to increase the receiver pressure about 
4 pounds, the original pressure being 6.4 pounds above the 
atmosphere, and the difference in power developed by the two 
cylinders was reduced to about 30 horse-power. No feed water 
test was made to determine the true economical effect produced, 
but the cards were measured for steam consumption, and these 
showed practically the same economy. 

In reply to Mr. Coon’s inquiry as to the cause of the peculiar 
form of the exhaust line of the high-pressure cylinder, a little 
study shows that this cylinder begins to exhaust about the time 
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the cut-off takes place in the low-pressure cylinder. Consequently 
the steam exhausts into a closed space and the pressure rises. 
The low-pressure begins to take steam about the centre of the 
high-pressure stroke. From the middle to the end of the return 
stroke, the high-pressure cylinder is therefore exhausting into a 
rapidly enlarging space, and the pressure falls. 

The question raised by Mr. Cobb as to the effect of different 
loads on the form of the diagrams is well answered by Mr. Coon. 


Examination of the diagrams from the engine in question taken with 
yarious loads (which has been made since the meeting) shows 
that the only apparent effect produced by a change of load, besides 


the necessary change of cut-off in the high-pressure cylinder, was 
a change in the back pressure of the high-pressure cylinder, and 
a corresponding change in the initial pressure of the low-pressure 
cylinder, and the consequent new position taken by the steam end 
expansion lines. All the general features of the diagrams remained 
the same. 

36 
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THE DISTRIBUTION OF STEAM IN THE STRONG 
LOCOMOTIVE. 


BY F. W. DEAN, CAMBRIDGEPORT, MASS. 


(Member of the Society.) 


Tue writer desires to state at the outset that this paper is written 
at the request of the Secretary of this Society. He regrets that he 
has not had an opportunity to experiment exhaustively with the 
Strong locomotives on the Lehigh Valley Railroad (Nos. 383 and 
444), but there is more or less propriety in his preparing a paper 
upon this subject, because he has had the opportunity of watching 
the development of the Strong locomotive from its inception ; 
was the first person to make tests of efficiency in comparison with 
common locomotives by means of the indicator [only]; has taken 
several hundred cards from the locomotive No. 383, fitted with the 
Strong valve gear and a common boiler, and has ridden many hun- 
dreds of miles thereon, at different times, during two years. 
Through the kindness of Dr. E. D, Leavitt, Jr.,* he has access 
to data collected by Mr. J. 8. Coon,* under the general super- 
vision of Mr. Leavitt, of which some at the time of writing 
have been published, and many have not. He regrets that he 
has not been directly concerned with the collection of all the data 
to which reference will be made, but is pleased to notice that 
deductions fron. Mr. Coon’s data contirm conclusions trom his 
own experiments. An author must always regret that he is 
obliged to use other persons’ experiences, but in this connection 
he wishes to express his high regard for Mr. Coon’s accomplish- 
ments as an observer, and particularly for his skill as a manipu- 
lator of the steam engine indicator, about which there is so much 
incapacity in general. 

In this paper reference will be made to seven locomotives, viz.: 
No. 444, Lehigh Valley Railroad, fitted with the Strong boiler, 
valve gear and cylinders ; No. 383, Lehigh Valley Railroad, fitted 
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with an ordinary boiler for burning anthracite coal, and the Strong 
valve gear and cylinders; No. 357, Lehigh Valley Railroad, fitted 
with an ordinary anthracite-burning boiler, and the Stephenson 
link motion and I) valves, with De Lancy’s balancing device ; No. 
158, Delaware, Lackawanna & Western Railroad, similar to No. 357 
above; No. 169 Central R. R. of New Jersey, similar to No. 857; 
No. 129, Boston & Albany Railroad, a bituminous coal burner, with 
an ordinary boiler and Stephenson link motion and D valves; and 
finally a locomotive of the London, Brighton & South Coast Rail- 
way, England, fitted with an ordinary bituminous coal-burning 
boiler and a Stephenson valve gear, working directly on the valve 
stems, and D valves. But slight reference will be made to the 
last three. 

Before proceeding to a consideration of the qualities and per- 
formances of the new locomotives, a brief description of their valve 
gears and cylinders is necessary, and here it is worthy of note that 
they form the only departure of importance since the days of the 
Stephensons and the “ Rocket.” 

The new valve movement is originated by an eccentric for each 
cylinder on the driving axle, which eccentric has an ordinary strap 
and rod moving in a vertical plane and giving motion to the steam 
inlet valves, of which there are two to each cylinder. Alongside 
of this eccentric rod is another similar rod which is free to move 
independently in a vertical plane, its rear end being articulated 
with a pin passing through the strap at a point as near the eccen- 
tric as possible (Fig. 259). It is thus seen that one eccentric and 
its strap give motion to two systems of valve links, one being 
utilized for the steam inlet, and the other for the steam exhaust, 
the main eccentric rod actuating the inlet valves as above men- 
tioned. The end of each rod farthest from the axle is connected 
by a link to the horizontal arm of a bell-crank rocker, the vertical 
arm of each being articulated to a rod which passes forward to the 
cylinders. From a point on each eccentric rod, intermediate 
between its ends, a connection passes vertically to a block, which, 
by means of a lever in the cab and a reach-rod for each block, can 
be moved back and forth on a quadrant. Thus the point of cut-off 
can be varied, the engine reversed, and the steam valves handled 
independently of the exhaust, 

The intermediate point, before mentioned, on each eccentric rod, 
is so taken that when the sliding block is in mid-position the verti- 
cal vibration of the outer end of the rod is just sufficient to move 
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the valves in each direction the sum of the lap and lead, and the 
engine would go equally well in either direction. When the 
sliding block is moved either forward or backward, the inclined 
curved movement of the lower end of the vertieal link attached 
thereto so modifies the quantity and quality of the motion of the 
outer end of the eccentric rod as to determine whether the engine 
shall go forward or backward. It also changes the point of cut-off, 
and, unfortunately, the port opening. The valve gear thus has the 
fault of all reversing constant motion valve gears, viz., to reduce 
the port opening when cutting off early. The gear possesses the 
important virtue, however, of permitting the exhaust ports to open 
fully at all times. The exhaust lever in the cab is always at one 
extreme end of the quadrant, and is never “ hooked up” like the 
steam inlet lever, except slightly to change the compression. There 
are two notches close together on each end of the exhaust quadrant 
in the cab, and one in the middle. 

It will be noticed that the motions of the bell cranks are derived 
from the vertical motions of the ends of the eccentric rods. 

The valve gear can, of course, have any inclination to a horizon- 
tal line. The words “ horizontal ” and “ vertical,” as here employed, 
must be taken with due allowance, as they are used for conven- 
ience. 

The rods which proceed forward from the vertical arms of the 
bell cranks impart motion to the cylinder valve gear, which is the 
most characteristic feature of the system. It might receive its 
motion from any of the well-known link motions, but its function 
is to convert an ordinary eccentrie motion into one having impor- 
tant and elegant qualities. By means of it, a gridiron valve, having 
an enormous port area, moves with so slight a resistance that, 
without any balancing device, the levers are handled with ease, 
and the parts move without apparent effort—qualities possessed in 
general only by cam or trip-motion vaive gears. (Plate IX., Figs. 
245, 250.) 

The steam valves, after closing and getting their lap, which they 
do with ease, as there is steam of high pressure on both sides of 
them, remain nearly quiet until they are partially balanced by 
compression, when they easily open. The exhaust valves, of course, 
close without resistance, and they remain closed until the steam has 
expanded nearly to the terminal pressure, when they, in turn, easily 
open. This peculiar motion is caused by a two-armed rocker and a 
short link in connection with the valve stem. An examination 
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of the diagrams annexed will make this matter clear, (Plates LX. 
to XIL) 

The fact that these valves need no balancing device is much in 
favor of economical steam consumption, as there can be but little 
doubt that all balancing devices perform their function by steady 
or at least intermittent leaking, thus allowing steam to enter the 
cylinder without working expansively, and also allowing it to pass 
directly out of doors through the exhaust port. The writer has the 
best reasons for believing this to be true. 

Continuing the description of the valve gear, the valves are 
vertically working flat plates of cast iron with numerous transverse 
ports separated by bridges having a form of least resistance, each 
port being 4$ inches by } inch, and for an 18-inch cylinder being 
nine in number. These valves slide upon seats similarly perforated, 
The seats are turned and fitted into bored enlargements of the 
steam passages to and from the cylinders, there being no steam 
chest in the ordinary sense. The seats are held in place by a sin- 
gle bolt in the bottom. The steam passages are remarkably free 
from changes in direction, and present slight cbstruction to the flow 
of steam. 

Any disturbance of the quality of the valve motion from the rise 
and fall of the axle is prevented by mounting that portion of the 
gear about the axle in a frame, which is carried by the axle box, 
and which therefore rises and falls with it. 

It has been urged against the Strong valve gear that, as the 
travel of the valves is small, the accumulation of lost motions of the 
joints would seriously place the valves out of position, causing 
unequal cut-offs and lame exhausts, This, however, can never be 
urged by a person who has studied the valve gear, for it is not true. 
If there should be a total lost motion of ;4 inch from the axle to 
the outer joint of the rockers on the cylinders, this error would be 
reduced to s inch when it reached the valves, by the mechanism 
above them, when in the most unfavorable position, and-to 0 when 
in the most favorable,* which is a far better result than can be 
secured with the D valve. 

An incidental advantage of the valve gear lies in the fact that 
the cut-offs and exhausts can be equalized, without moving the eccen- 
trics, by simply adjusting the lengths of the rods connecting with 
the cylinder valve gears. This, of course, would somewhat affect 
the lead and port opening. 


* At the position of cutting off the error would be ,y inch. 
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We now properly come to comparisons between the new and or- 
dinary (Stephenson link) valve gears, the latter working a D 
valve. 

The new gear gives a constant lead to the steam and exhaust 
valves, while the other, with the usual length of eccentric rods, in- 
creases the lead from 0 to about } inch. Among railway master 
mechanics there are many who believe that an increase of lead 
with an increase of speed is advantageous, because it assists in ab- 
sorbing the increasing force of inertia of the reciprocating parts. 


Such a belief is doubtless confined to those persons who have had 


no experience with a constant-lead valve gear, and who have an 
exaggerated idea of the amount of the force of inertia referred to. 
They overlook the fact that since back pressure increases with an 
increase of speed, the steam trapped in by the closure of the ex- 
haust is of a greater tension the greater the speed, and that there- 
fore the resistance to the piston, due to compression, is increased. 
Thus the absorption of momentum is automatically accomplished 
by a gear with a constant lead and constant exhanst closure. The 
absorption of momentum will again be considered when discussing 
compression. 

Except as a means of securing a large port opening in the early 
part of the piston stroke, lead is worse than useless on any engine 
having compression, particularly if the compression is adjustable, 
as is the case with the new engine. Belief in the need of an in- 
crease of lead with an increase of speed can quickly be dispelled by 
riding on engines Nos. 383 and 444. 

In the new locomotive the pre-release does not change with a 
change in the point of cut-off, and therefore in general with an in- 
crease of speed. In the ordinary locomotive earlier release with 
earlier cut-off is a fortunate property, in order that the exhaust 
can have time to escape through the contracted and tortuous pas- 
sages, and thus enable the engine to attain a high speed; but with 
a valve gear, such as the new, which always opens the exhaust 
ports wide, this, as well as much pre-release, is unnecessary. With 
the new gear the steam is expanded to the last inch of stroke of the 
piston, notwithstanding which the pressure falls quickly, and in 
general the back pressure is some two-thirds or three-quarters that 
of the link-motion engine, or even less. The writer has known it 
to be but one-half that of a link motion engine of the same size as 
the Strong engine, No. 383, when working under almost identical 
conditions with the latter. These favorable results have not, how- 
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ever, been realized from engine No. 444, but those obtained thus 
far are superior when the speed and quantity of steam to be ex- 
hausted, or in other words when the work done, is considered. For 
example, locomotive No. 169, Central R. R.of N. J., when making 
320 revolutions per minute, showed 20 lbs. of back pressure, while 
No. 444 at 326 revolutions showed a pound or two less. At these 
times No. 169 was cutting off at six inches, and showed an initial press- 


ure of 19 lbs. below boiler pressure, while No. 444 was cutting off 
about two inches later, and showed an initial pressure some 4 lbs. 
only below boiler pressure, which itself was 30 lbs. above that of No. 
169. This is a creditable showing. No. 169 has shown a back 
pressure of 23 lbs. when cutting off at 10 inches. 

Again, locomotive No. 158, D., L. & W. R. R., made 181 revo- 
lutions, cut off at about 10 in., and showed 17 Ibs. of back pressure, 
while the boiler pressure was 135 |bs., and the initial pressure 128 
lbs., and the pre-release some 15 per cent. of the stroke. It is 
claimed by persons specially interested in locomotive No. 444 that 
its large back pressure was due to an unnecessarily small exhaust 
nozzle which could not be changed under the circumstances. It 
should not be forgotten that the nozzle was that used for mountain 
work, while the run in question was on a level, and very fast. Be 
this as it may, the engine needs no excuse from its friends. 

Whoever looks for small back pressure from a locomotive when 
running fast and developing great power, is doomed to disappoint- 
ment, no matter what type of valve gear is used, for back pressure 
must always be the means of creating draft. No slight amount of 
energy is needed for this purpose, when an engine is indicating 
from 600 to 1,810 horse power, the latter being the greatest power 
ever developed by a locomotive. 

Back pressure automatically adjusts itself to the needs of the 
occasion in the most admirable manner. It may be reduced by 
greater perfection of details, but will never vanish until the engine 
is motionless. 

In the new locomotive the point of exhaust closure does not 
change with a change in the point of cut-off. It is easy to show 
that comparatively slight compression at ordinary speeds is sufticient 
to arrest the motion of the piston, piston rod, crosshead, and con- 
necting rod. When the crank pin of a 24-inch stroke engine is 
passing the dead point at 300 revolutions per minute, the normal ac- 
celeration of the pin is 986 ft. per second, and if the parts just enu- 
merated should weigh 946 Ibs. the force of inertia (centrifugal force) is 
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956 ; = 28,948 lbs., which would be equaled by a pressure of 103 


lbs. per square inch on a 19-inch piston. This can easily be realized 
by compression, and the computation shows how entirely unneces- 
sary lead is, except for the reason previously stated, even at the 
highest speeds. 

Excessive compression would probably never lift an unbalanced 
D valve from its seat, but a balanced valve might be so lifted, in 
which case steam would escape from the chest into the atmosphere. 
In the case of the new valve gear, in common with all 4-valve en- 
gines, the exhaust valves can never be forced from their seats, but 
are all the more firmly seated by compression. The inlet valves 
only could lift, in which case the steam would pass back to the 
boiler and be saved. This feature may be a source of considerable 
economy in the new locomotive. 

As the valves of the new gear move vertically, they do not wear 
upon the seats when the engine is running without steam. 

With a 19-inch Strong locomotive the port area is 31,% square 
inches, or 11 per cent. of the piston area, while a 19-inch D valve 
engine ordinarily has about 7} per cent. of port area, or the former 
is nearly 1} times the latter. Notwithstanding this, the clearance 
volume of the new cylinder is only 87 per cent. of that of the old 
one, being respectively 6.38 and 7.35 per cent. of the piston displace- 
ments. 

The port edges compare in length as 24 to 1 in favor of the new 
engine, which is very advantageous. The areas of rubbing sur- 
faces of the valves are about as 2 to 1 in favor of the new device. 
We should consequently expect the gridiron valves to wear well 
and to keep tight longer than the D valve—a result which has been 
realized in stationary practice. The writer is familiar with grid- 
iron valves in stationary engines which have been kept tight for so 
many years (16) without being faced, that he feels warranted in 
concluding that they will never leak. Being long and thin, they 
can bend over a valve seat which has been curved by expansion 
and contraction. 

In the new engine the exhaust passages are much more direct to 
the chimney than in the common engine. 

Many advantages of the new valve gear have been dwelt upon, 
but there is still remaining to be considered one of the greatest 
importance, viz.: the capacity of the Strong cylinder to perform 
work. The writer regrets that he has not in his possession many 
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vards from the old and new types taken under nearly identical con- 
ditions, but fortunately he has enough such to enable him to draw 
remarkable conclusions. 

Cards X. (Fig. 173), are moderate speed cards, and their 
areas are, when reduced to the same scale, as follows: 2.57 and 
1.98 or 1.3 to 1. The speeds and initial pressures are the same, 
and the points of cut-otf, being at 9 in. for the Strong engine 
and at 10} in. for the link-motion engine, are more favorable 
for the latter. For cards at the faster speed of 44 miles per 
hour, the areas are as 1.92 to 1.50, being 1.3 to 1 in favor of the 
new engine. This is equivalent to saying that at 44 miles per 
hour a Strong cylinder 16} inches in diameter can do as much 
work as an ordinary cylinder of 19 inches in diameter. As, how- 
ever, at this speed the initial cylinder pressure of the link-motion 
engine is usually some 10 or 12 pounds below boiler pressure, 
while that of the other is only some 4 pounds below, the disparity 
is even greater, and may be 1} tol. At a speed of 50 miles an 
hour, the eards are like Fig. Z (Fig. 181), the ratio being 1.35 
to 1. In this respect, viz., cylinder capacity to perform work, 
the advantage of the new engine is more apparent tle higher 
the speed, and it would not be suxprising if the ratio reached 
1.7 to 1 at 60 to 65 miles per hour, which is equivalent to say- 
ing that in that case a 14-inch Strong cylinder would equal an 
18-inch common cylinder, or an 18-inch Strong cylinder would 
equal « 23}-inch common cylinder. The cards presented as evi- 
dence of the truth of these claims cannot be regarded as con- 
clusive with reference to the particulur numerical quantities given, 
because no cards can be found in the writer’s collection of several 
hundreds, which were taken under identically the same conditions. 
It cannot be stated how much of the effect is due to size of throt- 
tle valve or steam pipe, and how much to the inherent 
qualities of the valve gear. Great pains were taken in selecting 
the cards for comparison, and in each case it is believed that the 
link-motion engine has received the more favorable treatment, 
either as to position of throttle, point of cut-off or speed, so that 
the claim is understated. With reference to the claim at 60 miles 
per hour, viz., 1.7 to 1, the writer has no cards from either class 
of engines, at present, taken at that speed. The claim is based 
upon a careful study of early cut-ofl cards at high speeds, at dif- 
ferent times. Everybody knows that the typical link-motion 
card under these conditions is a thin crescent, while the Strong 


° 
if 
ti 
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card is never such. See card No. 32 (Fig. 202). This superior- 
ity of the new engine is not wholly due to the new valve gear per 
se, but to easy, large steam passages, the facility for making 
which the gear offers to the designer. 

If these conclusions are correct, and they cannot be gainsaid, 
this feature alone, independent of economy in coal and water con- 
sumption, should place the Strong or some similar locomotive, 
even if provided with an ordinary boiler, if it could furnish the 
needed steam, far in advance of the common type of locomotive 
for conducting a heavy fast passenger or freight traffic; and 
the results are due, as already implied, to the high initial pressure, 
the fuller steam line, the late release, the low back pressure and 
the late compression. 

Such qualities enabled engine No. 444 to draw on a level twelve 
ears weighing 740,000 pounds, or, with engine and tender, 952,000 
pounds, from a start to a dead stop ten and eight-tenths miles 
(10,5; miles) in eleven (11) minutes. (See the statement of Supt. 
M. C. Kimberly, Northern Pacific Railway.) 

Having enumerated, in considerable detail, the advantages of 
the new valve gear over the common type, some results obtained 
in actual service will be noted. 

Figs. 146 to 153 shows a number of cards taken (except No. 6) by 
the writer from engine No. 383 on the Lehigh Valley R. R. on 
October 28, 1885. Cards Nos. 1 to 5 inclusive were taken on the 
12 Mm. train from Mauch Chunk to Wilkesbarre, with the throttle 
only four-sevenths open, and consequently the initial pressures are 
much below boiler pressures. They were taken with great care, 
and with the unusual arrangement of the indicator placed at one 
end of the cylinder, with the shortest possible connection to the 
cylinder, which the writer regards as the only means of really 
securing accurate results. The cards were fully as smooth as 
shown, and were almost entirely free from signs of a sticky indi- 
cator. They do not show the engine at her best, because tlie 
engineer could not be induced to run with a full throttle. The 
steam line is fairly full, considering the throttling, and the card 
is well filled out at the compression line, which is a valuable feat- 
ure, because it points to great cylinder capacity. The back pres- 
sure does not rise above 7 pounds at its lowest point. The 
average consumption of dry saturated steam is 21,°, pounds per 
LH.P. per hour. Figs. 151 to 153 are merely illustrative cards. 

In Figs. 154 to 169 cards are shown, taken by the writer from 
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Fia. 146. 


(1 A) Miles per hour, 23, 
Steam, 155. M. E. P., 78. 
Revs, 86 = 17m. per hour 1. BH. P., 600 
M. E. P.. 91.2. Water by card, 21 lbs. per {. H. P 
P., per hour. 

Load, 9 cars 463,000 Ibs 

(1 B) (irade, 9 feet per mile 

Steam, 155. Spring, 100 


Revs., 112. 


10) Spring 


Fic. 147. 


~~--------196--- 


(2) Water by card, 205 lbs. per L. H. P. 
Steam, 145. per hour. 
Revs., 115. Grade, 9 feet per mile 
Miles per hour, 23. Cut off, 8 inches. 
M. E. P., 64.2. | Throttle 4-7 open. 
I. H. P., 508. Spring, 100. 
Load, 9 cars = 453,000 Ibs. | (One car switched off.) 


t 
| 
} - 
| } AL 
\ 
\ 
| 
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100 Spring 
| 


Fie, 148 
(3.) M. E. P., 53. 
Throttle 4-7 open. | Water by card, 22 Ibs. per 1. H. P 
Steam, 150. per hour, 
Revs, per min., 200. | Load, 8 cars 410,000 Ibs, 
Miles per hour, 41. Grade, 34 ft. per mile. 
8 
Fic. 149. 
(4) | P., 63s. 
Throttle 4-7 open. | Water by card, 21 lbs. per I. H. P. 
Steam, 145. per hour. 
Revs., 175 per min. | Load, 8 cars. 
Miles per hour, 36. Grade, 34 ft. per mile. 


M. E. P., 53.3. 


H 
— 
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100 Spring 


Fig. 15 


Water by card, 22) Ibs per lH. P 
per hour. 

Load, Scars, 

Grade, 34 ft. per mile 

Throttle 4-7 open 

Spring, 100 


Steam, — 

Revs. per min., 175. 
Miles per hour, 35. 
M. E. P., 49}. 

I. H. P., 595. 


About 80 Revs. 100 spring. 


Taken on siding near Round house, after trip. 


Fie, 152. 


— 
(5) | 
| 
| 
UNALNOWN 
"5 { 
\ 
Fig. 151. 
\ 
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1 


Time, 4.52 p.m. 
Steam (*) 
Revs., 86. 
Throttle, 5 
8 


78. 
12% in. 
Grade, 75.5 ft. 
per mile. 
Water, 25 Ibs. 


4.55 p.m. 
Steam, 135. 
Revs., 116. 
Throttle, 8. 

1. H. P., 666. 
Cut off (7) 
Grade, 75.5. 
Water, 24.6 lbs 


Spurt on trial trip, with 3 Coal cars 
225 Revs. per min. 45 miles fer hour, 
900 tt. of piston speed per minute. SO spring. 


Fie, 158. 


17 miles per hour. 


M. E. P. 97 lbs, 


134 Ibs. 


Fie. 154. 


23 miles per hour, 


Fie. 155. 


a 
I 
i 
a 
2 
= 
i 
! 
H 
' 
M.D. 
! 
! 
. 


3 
4.57 p.m 
Steam, 137. 
Reve,, 130. 
Throitle, & 
I. H. P., 739. 
Cut off (% 
Grade, 75.5 ft. 
Water, 25.1 lbs. 


4 


5pm 

Steam, 137. 
Revs., 132 
Throttle, &. 

1. H. P., 602 
Cut off 
Cirade, 75.5 ft 
Water, 26.2 


5 


5.04 p.m, 
Steam, 137. 
Revs,, 138, 
Throttle, &. 
P., 748. 
Cut off (%) 
Grade, 53.3 ft. 
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26 miles per hour. 


M.E. P. 


Fie. 


156. 


23% miles per hour, 


Water, 25.5 Ibs. 


27% miles per hour, 


M.E.P.784 


4 
| 
| 
! 
~ 
\ 
=} 
Fig. 157. 
| 
8 
i 
! 
! 
, 
Fic. 158. 
| 
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6 
5.10 p.m. 


Cut off 
Grade, 53.3 ft. 
Water, 24.8 lbs. 


5.12 p.m. 
Steam, 135. 
Revs., 166. 
Throttle, 8. 
I. H. P., 739. 
Cut-off 
Grade, 53.3 ft. 
Water, 25 lbs. 


8 


5.15 p.m. 
Steam, 137. 
Revs., 181. 
Throttle, 8. 
I, H. S., 786. 
Cut off (?) 
Grade, 53.3 ft, 


Water, 25.2 lbs. 


4 
| 
| 


$54 miles per hour. 


M.E. P. 67 


Fie. 159. 


$3 miles per hour. 


M.E. P. 64 


Fie. 160, 


% miles per hour, 


Fic. 161. 


Steam, 137. 
Revs., 178. 
Throttle, 8. 
824. 
a 
| 
! 
P 
a 
i 
M.E.P. 
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56 miles per-hour, 


Fig. 162. 


M. E. P. 62 


Fic, 163. 


42 miles per hour. 


Fic. 164 


4646 miles per hour. 


M.E.P.41 


Fig. 165. 


! 
9 
5.17 pom 
Steam, 135 
Revs., 181 y 
Throttle, 8 
srade, 53.5 
Water, 24.5 Ibs 
34\?) miles per hour. 
= i pert 
= 
10 
21 p.m 
Steam, 132 
Revs., 171 (? 
Phrottle, 8 { 
Cut off \ 
Grade, 53.3 ft 7 
Water, 25.5. Ibs . 
\ i 
aye 
11 
5.27 p.m, 
Steam, 128 , 
Revs,, 209 
rhrottle, 8 ry 
: i P 678 \ M.E.P.47 
it off ) ! 
Grade, 13.7 ft 
Water, 28 lbs \ 
| 
! 
530 p.m 
Ste im 195, 
Kevs., 232 
Throttle, 8 \ 
I. H. P., 656 
Grade, 25.3 ft 
Water, 24.5 lbs 
( 
vw 
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13 
5.35 p.m. 
Steam, 130 
Revs , 240. 
Throttle, 8. 
I. H. P., 662 
Cut off ¢%) 
Grade, 24.6 ft.% 
Water, 26 Ibs. 


OF STEAM IN THE STRONG 


48 miles per hour, 


M. E. P. 40 


LOCOMOTIVE. 


14 
5.37 p-m 
Steam, 130 
Revs. 208 
Throttle, &. 
I. H. P., 603 
Cut off, 11 ins. 
Grade, 24.6 ft 


up 
Water, 23.2 lbs. 


Fig. 166. 


4134 miles per hour. 


15 
6.20 p.m. 
Steam, 135. 
Revs. 263, or 53 
miles pr. hour 
Throttle, 8 or 


Grade, 17.4 
down. 
a 


16 
6.26 p.m. (7) 
Steam. 135. 
Revs. 275, (?) or 
55 miles p.hour. 
Throttle wide 
open, 

I. H. P., 583 
Cut off (%) 
Grade, 27.4 

down 


Fic. 167. 


53 miles per hour. 


M.E. P. 35 


Fic. 168, 


55 miles per nour, 


: 
| 
a ‘al 
an 
\ 
ie \ 
\\ 
\ 
\ 
T 2 
10 
I. H. P., 635. 
Cut off (%) 
| | 
\ 
\ \ 
| \ —% 
| 
\ 
| 
169. 
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383 
M EP 113.6 May 2, 1887. 


12, 


R 4. 


Open 


Fic. 170. 


383. 
May 3, 1887. 
3. 
1. 
T. L. 9 = open 


| 
a= 44/4 a=4/0 
272.87 L=2.89 
ME PN15.2 
F 
A=e462 
*2.38/ 
MEP /3/2 
OLE.P 123.2 
Fig. 171, 
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BP 


a=2.92 
M 1887 2.9% 
May 

93. MM. EP 83.2 


R. L., 8. 


T. L., open. 
Speed about 30 miles 
per hour or 150 revs. 


Fig. 172. 


BP /E§ 


357 
May 9, 1887. 


carea .2.57 Sg. tres. 


Throttle open. 
Speed about 36 miles 
per hour or 180 revs. 


383 
May 3, 1887. area, /.98sy2 
8 


R.L., 8. > 

T. L., 10=% open. 
Speed about 34 miles 
per hour or 170 revs. 


Ratto of Areas 13 to /. 


Fig. 178. 


a=3./3 
L=2.82 
ME P 33.3 
27. 
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/23.2 3833 
May 2, 1887. 
RL. 4. 
Specal abt. /3 L., 15 = full, 


383 
May 10, 1887. 
9 


R. L., 6. 
T. L., open 


Speed abt/7 miles 


per hour or 85 revs. 


per hour or SS revs. y 
174 
a*3.98 
| 2.85 b= 2.385 | 
ME P/12 ‘EP | 
a 
Fig. 175. 
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Bue /72. 


383 
May 10, 1887. 
31, 
R. L., 10. 
T. L., 5 =4 open. 
Speed about 37 miles 
per hour or 190 revs 


Cards from 
383 and 357. 
Throttle and B. P. 
unknown, 
Speed about 44 miles 
per hour or 220 revs. 


Ratio of areas to /. 


Fic. 177. 


a-/.93 
=2.8/5 
EP-54382 
Steam 20.34lBF 
er lH.P per hou 
SQ 
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a: 3.85 
2=2.83 


EP /08.8 May 2, 1887 
44 


a=2.50 a-+2.58 383 
May 10, 1887 


2.84 2.8% 39 
MEP 104% << MEP 10 


0 


R. L.. 10. 
T.L.,8= open 
Fic. 
— 
Fie. 179. 
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B.P 


383 
May 10, 1887. 
R. L., 10. 
T.L.,10= qopen. 
Speed about 37 
miles per hour, 
or 185 revs. 


\ Cut-off f 


Typical throttled high speed card. 


180. 


383 
May 2, 1887 
31, 
Throttle open. 
Speed about 50 miles per hour, 
or 250 revs. 


B. & A. R. R. Engine 129. 
July 26, 1882. 

!Throttle unknown. 

212 revs. per minute. 


Ratzo ofareas 435to/ 


Fic, 181. 


|. =/72 
LP 48,32 
Zz 
a=/ 
| 
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Boiler Press 16 
M.E. P 100 
ed 14.5 


S95 


Boiler Press 
M. E. P 
Speed 

Rev 

Total J. H. P 


Fig. 184. 


l 
y 
{ | 
Tor 
- 
\ \ | 
) 
Fic. 182. 
LOO 
~ / 
\ 
\ 4 
/ 
| 
\ 
te Boi er Press 160 
M.E. P 
Speed 26.60 
Rev 143.4 
Total I. H. P.561.6 
~ 
Fig. 183. 
- 
nf 4 
| IN 
/ 
| 
| 
149 
48.7 
21.95 
§ 117.9 
437 
~ 
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AS 


Boiler Press 145 
M.E. P 15 

4.74 
tev 240.5 
Total lL. H. P 


823.8 


Boiler Press 16% 
111-4 


Fig. 186, 


Soller Press 
{.E.P 


170 
84.1 


Fic. 187. 


\ / 
/ 
4 \ ‘ 
\ 
\ / 
\ 
== 
Fie. 185. 
— 
/ 
\ 
/ 
Z 
- 
477° 
6 
\ 
\ / 
/ 
4 
4 
\ 
e 
{ 
| 
\ 
\ 
i 


Boiler Press 
M.E. P 


Speed 
; 


Rev 206.2 
Total I. H. 


Boiler Press 
M.E.P. 


Rev.... 98 .7 
Total I. H. P.762.4 


Fia, 190. 
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47! 
4 / 
/ 
/ 
| 
| 
_ 
Fia. 188 
\ / 
‘ ‘ 
a 
A | 
/ 
‘ \ 
\= 
Fic. 189. 
152 
\ 
| Boiler Press 152 
M.E. P... 101.2 
Speed 19 46 
+? 
| 
/ 
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| 

63.7 

20051 
14.7 

H. P.744.8 


Fia. 191. 


Fie. 192. 


Boiler Press 139 
E. P 52.5 


Fig. 193. 


4 
* / 
’ Boiler Py 
M. E. P 
Speed 
Rev 
Total J 
an 
amo” ~~ 
t \ 
/ 
4 
/ 
4 
4 Boiler Press 151 
~ M.E. P 18.5 
4 Speed 36.36 
Rev 
Total 1. H. P.698.6 
12 
, 
\ 
\ 
\ 
\ 
~ 
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Fie. 194. 


B.P/60 


a= 2.23 a=*2./7 R. 8. 
L-2 87 &.. 26. 
P62 16 M E P6048 
a= a=2.28 ve. 
2=2.89 2=2.89 
E.P 60 
Fic. 195. 
a=2./0 CL = 2.04 
Z=2.89 U=2.9/ T. L.. 10, 
MM. EP 58.16 ME P 56.08 
Fie. 196 
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B.P /63 


Fic. 198. 
BL 164 


2.74 
L= 2.88 
M.E P 


| 
| 47 a=280 =2.7/ 
2.87 Z=2.87 
TL, EP783 V5.8 
Fie. 197. 
39 
R /O a=2.09 1.92 
TL 9 Z.= 2.88 L=2.39 
MEP 58 MEP S53 
46 aw=2.79 
2.88 
M.E.P77S5. 
‘Fre. 199. 
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B.P /65 


2.06 
2.87 
MM. E.PS576 


Fig. 200. 


cow =489 
2=2.88 
ME P 52.48 


Fic. 201. 


Speed about 55 miles 
per hour or 275 revs. 


cyl. 460 


ou= 1.92 
C= 2.92 
52.6% 


Fie. 202. 


& 
A4+O 
2.87 
ZL. 9 M.E P5483 > 
442 | 
7.44.40 =2.86& 
Lt). P$6.72 
— 
32 
a= / 
MEP 46.4 
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B.P /70 


about 
per hour or 250 rev 


Fic. 203. 


Fig. 204. 
BF 
_ Speed abt. 49 miles per / 
houror 245 revs. 
44-30 


a=2/6 
L=2.9/ 
M.E.P 59.2 


Fig. 205. 


3/ Pone cyl 462 
ZI. L. 10 a=2./3 a =/86 
L= 2.9/ Z, 
AEP 58.56 M E. £0 
ty, 
AS a= 3.03 a=2.95 
RL.T 2.85 = 2.85 
MEP 85 MEP 83.2 
30 | 
=2.14 
AL Z=2.89 
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BP /50 
Speed abt, 28rriles per 


Fic. 206. 


B.P /52 
Hpeed aht. 30miles per 
hour or /SOrevs. 


B.P/47 
Speed abt _20miles perhour or /OOrevs. 


Fic. 208. 


& 
L=2.78 L=2.78 
IP 59.84 
a=2. a=2./2 
2.78 2=2.78 
TL./O. E.P64 MEDP6r 
Fig. 207. 
9 a =3.38 
2=2.77 = 2.77 
EL P 97.6 
— 
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B.P 
Speed 36 per 
hour or /8Orevs. 


Fie. 209. 


B.P 


Speed 2ht.30miles per 
our O77 revs, 


Fie. 210. 


BP /52 
Speed abt.30miles per 


Fic, 211. 


28 
2=2.78 Z=2.78 
ZTL.9. MEP 37.68 . 
2./3 
Z./ <.f 
ALB. \ 2-27 2=2.78 
T.L.1/0. \MEP6272 EP6/6. 
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B.PIAY 
Speed aht. 26riles per 


Rour or (8O revs. 


B.P/AT7 
Speed abt. 4+3emtles per 
hour or 2/5 revs. 


T. 8, MEF 43.52 


Fig. 213, 


2 1.94 

a=2.00 CL * 
R.L.&. Z=2.80 Z= 2.80 
y | EP EP. 56 
Fig. 212. 

a=/54% 

| 


590 THE DISTRIBUTION OF STEAM IN THE STRONG LOCOMOTIVE. 


Time 
Bortler Pressure 
Chest 


Rev. ver minute 


3224 p.m 


Scale /60 


votch 


15 O 


153 


7O 


M.E.P frront IT8 ‘ 
M.E.P crank 


Cramk end. lront end 
Time 3.272 


Botler Pressure /60 
CRest 
Rev.per minite /4O 
M.E.P front 79.0 
ME.P crank 82.2 


3.30 70.7. 
Botler Pressure 
Chest ”” /48 
Rev.per minute /40 
ME. Pfront 659 
.Pcerank 66.2 


Ttme 5.372 2m. 
Botler Pressure /60 
Chest ” /52 


Rev. per mitnute /50 
M.E.P front $/1 
crank $2.4 


Time 12.05 Pom. 
Botler Pressure /60 
Chest (48 
Rev.per minute 208 

S49 


ME Perank $5.2 
Figs. 214-218. 


2. 
4” Wvotch 


32 Notch 


: 
3% Notch 

4 

272. Wotch. 
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Boiler Pressure 
Chesz 


Revs. per mitnute 
M.E.Pfront 
ME.Pcrank 


Time 

Boiler Pressure 
Chest 

Rev. per minute 
MEP front 
MEP crank 


Time 
BotlerPressure 
Chest 


Rev. per minute 


ME Prront 
ME Perank 


Botler Pressure 
Chest ” 
Rev, per minute 
ME Pfront 
MEP 


6. a 2 
Between 27**&3 Notch 


272: Notch 


5.45 p.m 
149 
208 
13.7 
/4.9 
SCALE 160, 


Figs. 219-222. 


9 
Centre Notch 


/60 
146 
/92 
499 
2.3/8 
155 
145 
2/2 
LO3 
338 
115 x. 
149? 
228 
25.6 
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8'Cut -of f 


/ 
Rev./20 HP2797 BP/#o* 


Rev.252. HP299. B.P/+o* 


Rev340 HP368s BP/34"’ 


Rev.268. HP363. B.P/35* 


5 off 


Rev 340 HP4/35 BP/4o' 


Fies. 223-227, 


\ \ 58 Cret-of 
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Rev.320 HH. P4442. BP/37* 


10' Cut-off 


Rev. 368 H P4476 BP/35* 


5 Cut -of f 


Rev. 365. AP444 


5 Cut-off 


Rev. 390. HP BPI4S 


Fies. 228-231. 


6 Cut-off 

| 
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Scale 80 


Steam Chest Pres... .135 
Revs. per minute .280.15 
Cut o . 
Gradient 1 in 264 down. 
Total I. H. P 615.79 


32.40 


Steam Chest Pres.. .1! 
Speed 3 
Revs. 

Cut off 17% 
Gradient 1 in 264 down. 
Total I. H. P. ...474.88 


Steam Chest Pres. ..120 
50 
Revs. per minute. .257.0 
Gradient 1 in 264 down. 
Total I. H. P (?) 


Fias. 232-234. 


q 
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Steam Chest Pres 
Speed 

Revs. per minute 

Cut off 23% 
Gradient lin 264 up 
Total I. H. P 370.3 


Steam Chest Pres... 
Speed.... 

Revs. per minute 

Cut off.... .- 15s 
Gradient.1 in 264down 
Total I. H. P.....188.42 


Fic. 236. 


Fig, 235. 
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Cyd. x 


340 revs. 
Scar Ze $0 


Porter -Allen Eng. 
x 
350 revs. 
Scale 50 


Porter-Allen Erg. 
Cyt. 20° 

230 revs. 
Scale 32 


Fic. 239. 


Porter-Allen Lng. 
Fic. 237. 
Fic. 238. 
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Porter-Ailen Eng. 
Cyl. 10x20" 
2LO4 revs. 
Scale +O 


Buckeye Lrg. 
Cyl. 
[84 revs. 


Harrvs-Corliss Eng. 
Cyl. /82 x48" 
TOrevs 
Scale 30 


= 

Fic, 240. 
Fic. 241. 
Fic. 242. 
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30x60 Cam Vezve Gear 
58 revs. 


Sceale6O 


Boston Sewage Pumping Eng. 
Cyl. 254° «x 9. 
13 revs. 
Seale 40. 


Fie. 244. 
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Fig. 270 
PLAN AND ELFVATION OF PART OF ONE ENGINE 
SHOW'NG ARRANGEMENT OF VALVE GEAR 


a-a-Full Stroke Cams. 
b-Cut off Cam, 
e-d-Arms of Rocher d-loose & tight on shaft, 
e-Double Hook on full stroke Rods. 
tS connecting full stroke & cut off 
g-Link connecting loose knocker, 
A i-Exhaust & receiving knockers 
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PLAN AND ELFVATION OF PART OF ONE ENGINE 
SHOW'NG ARRANGEMENT OF VALVE GEAR 
a-a-Full Stroke Cams. 
b-Cut off Cam. 
e-d-Arms of Rocher d-loose & ¢ tight on shaft. 
e-Double Hook on full stroke Rods, 
connecting full stroke & cut off 
g Link connecting loose knocker, 
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engine No. 158 D., L. & W. R. R., on the 4.20 p.m. train from 
Scranton eastward, Sept. 21, 1885. The loads and conditions 
were similar to those under which the cards in figures 146 to 150 
were taken, and are as follows: Cylinders 19) x 24 inches. 
Diameter driving wheels, 68 inches. Load, 7 cars, weighing 
360,000 Ibs., loaded. Weight of locomotive, 95,000 lbs. Weight 
of tender, 60,000 Ibs. The horse powers (I. H. P.) given are the 
total for both cylinders on the supposition that all mean effective 
pressures are equal. ‘he water given is in pounds per I. H. P. 
per hour. The cards (Thompson Indicator) are from right cylin- 
der, front end only, using shortest pipe possible, well wrapped. 
Scale of spring, 80. The cut-off is apparently sharper than that of 
No. 383, but this is misleading, as it is evidently above a theoreti- 
cal line drawn backward from the release point. This is a fre- 
quent difticulty witl indicators, and is due to inability, under cer- 
tain conditions, of the moving parts to be responsive to sudden 
changes of pressure. The point of cut-off is moré defined on 
account of an 80 spring being used instead of a 100, as in the 
case of No. 383. The waves in the toes and heels of the cards are 
probably due to recoil of the indicator drum, which was worked 
by a string about 42 inches long. In this case, as before, the in- 
dicator was attached to the forward end of the cylinder, but the 
throttle was either wide open or nearly so. The same indicator 
was used in both cases. 

The defects of these cards (those from No. 158) are such as to 
enlarge their areas, but in working them up their points of release 


and compression were carefully sought. The steam consumption 


deduced is therefore too small. Taking it, however, as given on 
the first ten cards, it averages 25,'\4, pounds per LH.P. per hour, 
or 1,4) times that of No. 383, or, in other words, the consumption 
of steam by No. 383 is 86 per cent. of that of No. 158. Selecting 
a card of No. 158 whose steam consumption is equal to the mean, 
and correcting its area for imperfections, the consumption rises to 
~67, pounds, and the above percentage is reduced to 82}. The 
most reliable card among those taken by Mr. Coon from No. 383 
gives a steam consumption of 20} pounds, while the most reliable 
one taken by him from No. 357 gives 24,54; pounds, making the 
percentage 82 

Figs. 170 to 181 give cards from No. 383 at various cut-offs 
and speeds, as well as comparative cards between Nos. 383 
and 357, and Nos. 383 and 129, of the Boston & Albany Rail- 
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road, the latter being taken from the Radlroad Gazette * of Novem- 
ber 10, 1882. The spring of the indicator is an 80-pound one. 

Figs. 182 to 185 (cards 1 to 4) were taken from engine 444 ; 
cards 5 to 8 (Figs. 186 to 189) were taken from engine 383 ; and 
cards 9 to 12 (Figs. 190 to 193, were taken from No. 357. These 
eards are the ones which were used in connection with Tables I., 
II., IV. and V., 80-pound spring. 

Figs. 194 to 205 show ecards from No. 383, which were selected 
from those taken May 2, 1887, when the throttle was nearest wide 
open. The conditions were as follows: Weight of train including 
engine and tender, going south, 253,000 pounds; going north, 
421,500 pounds ; actual running time going south, 24 minutes 10 
seconds, with a continuous up grade of 96 feet per mile; going 
north, 59 minutes 17 seconds. Maximum up grade going north, 
69 feet per mile for 10,5 miles; distance south, 12;)5 miles; 
north, 34, miles. Spring 80 pounds. 

Figs. 206 to 213 show the same for No. 357, except that the 
time south was 25 minutes, and the time north 64 minutes and 
27 seconds. 

Figs. 214 to 222 shows cards from locomotive No. 129, B. & A. 
R. R., taken by Mr. George H. Barrus,* and reproduced from 
the Railroad Gazette of November 10, 1882; Figs. 223 to 231 on 
the scale of a 120-pound spring show cards from No. 169 C. R. R. 
of N. J., and reproduced from Engineering (Vol. XL., p. 283), and 
figs. 232 to 236 show cards with an 80 spring from the locomotive 
on the London, Brighton & So. Coast Railroad, reproduced from 
a paper by Mr. W. S. Stroudley, locomotive superintendent of that 
line, before the Institution of Civil Engineers, 

Figs. 237 to 244 show cards from various well-known station- 
ary engines, inserted as instances of well-taken cards, which show 
the difficulty, perhaps impossibility, of maintaining straight hori- 
zontal steam lines under any conditions. 

Tables L, IL., IIL, IV. and V. display the economical perform- 
ances of engines Nos. 383, 444 and 357 when tested by Mr. Coon 
in May, 1887, as worked up in Mr. Leavitt's office. They show 
that No. 383 used 81} per cent. of as much dry steam per L. H. P. 
as No. 357, and that No. 444 used 95 per cent. of that used by 
No. 357. This last result is surprising, and is thus accounted for 
by persons interested, viz. : that the cast-steel valves with which 


* See reproductions by Mr. Barrus of his originals in discussion of this paper. 
—SECRETARY. 
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the engine was provided did not wear well, soon became grooved 
and leaky. The theoretical {isothermal | lines plotted on the cards 
of No. 444, figs. 182 to 185 corroborate this explanation, as they 


fall considerably below the actual expansion line—much more so 
than those of cards from Nos. 383 and 357. Cast-iron valves, as 
in the case of No. 383, have been substituted. 

It was not intended that the scope of this paper should include 
a description of the boiler with which the inventor proposes to 
equip his locomotives, and with which No. 444 is equipped. 
Therefore only a brief statement of the features and claims of ad- 
vantage will be made. 
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Running time 


lL. P. per hour, pounds, . 
Water used per trip, pounds....... 


er hour, 


ver hour, pounds 
evaporated per pound of coal, pounds 
Equivalent evaporation from aud at 212 , pounds 


ENGINE No. 444 
MAY 11 MAY 18 
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to 
Gien S 
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0.3667 0. 2656 
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Sug. Notch 
to 
Fairview 


24.52 


0.4144 


MAY 5. 

sq. ft. of grate surface per hour, pounds 13 47 45 47 4 51 
8,778 8,306 50,708 8.708 8,092 51,422 10,004 5,36 9,548 
sq. ft. of heating surface pounds........ 11.35 11.26 13.26 3 ‘ 12.47 
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59 45 51 61 101 90 99 S7 82 80 
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There are two corrugated furnaces, which by means of a junc- 
tion piece lead into a single corrugated combustion chamber, the 
latter terminating in the back tube sheet, from which the tubes 
proceed forward, as in the ordinary locomotive, to the smoke-box. 
While the ordinary soft coal burning boiler 52 inches in diameter 
has about 900 stay bolts, the Strong boiler has not one. There is 
not a rigid connection between the inner and outer parts of the 
boiler, and only two connections of any kind between the ends, 
the functions of which are to support the inner shell. Therefore 
there is nothing whatever to resist expansion and contraction, and 
thus hurtfully act upon the material. The corrugations doubtless 
contribute to freedom of movement, but even if they do not, the 
end plates of the outer shell have the usual opportunity to buckle. 
The crown sheet, being the upper half of a cylinder, easily parts 
with scale which may form upon it, and in this respect is in strong 
contrast with the common flat horizontal crown sheets covered 
with bolts and crown bars, which are efficient means of anchoring 
all seale which forms upon the sheet, and equally efficient means 
of preventing inspection and cleaning. The crown sheet of the 
new boiler, if such it may be called, is accessible from end to end. 
An inspector can crawl all over it, feel of it, see it, and clean it— 
qualities which are invaluable in the West, where the water is 
bad. The circulation of the water is entirely unimpeded. There 
is water under the fire-box which is free to rise, and its place can 
be occupied by other water which comes without obstruction. In 
this respect it is far superior to the ordinary locomotive boiler. 

The inner shell has no joint which is in contact with the fire, 
except that connecting the back tube plate and combustion cham- 
ber, which does not differ from common practice. 

It is unnecessary here to speak of corrugated furnaces. They 
have made high pressures possible at sea, and no modern steam- 
ship is without them. 

On the whole this boiler is far in advance of the ordinary loco- 
motive boiler, and deserves a hearty reception from the railroad 
master mechanics. 


COMMENTS ON THE INDICATOR CARDS. 


The distinguishing characteristics of the Strong cards are the 
steam line, which is convex upward, the consequent rounding form 
at the cut-off, the late release, the (in general) comparatively small 
back pressure, and the fullness at the compression line, all of 
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which contribute to a high mean effective pressure for any given 
cut-off. The convex [upward] steam line is found at ordinary 
speeds, and with a fairly full throttle at fairly high speeds, while 
a link-motion card is concave at the steam line at all but the very 
slowest speeds, when it generally is a sloping straight line. This 
concavity of the steam line gives to the card the appearance of a 


sharper cut-off than is secured with the Strong gear, which is 
misleading. A given radius of curvature corresponding to a given 
rate of cut-off is apparently sharper if joined to a concave line 
than if joined to a convex one. 

The mean effective pressures at the opposite ends of the Strong 
cylinder differ considerably, but there is nothing inherent in the 
valve gear, that the writer has discovered, which should produce 
this. The mean effective pressures of No. 357 differ at the two 
ends, but this might have been overcome by adjusting the gear. 
The remarkable equality of the mean effective pressures of the B. 
and A. Rt. R.’s engine No. 129, figs. 214 to 222 was thus secured. 

The cut-off of No. 129’s cards, figs. 214 to 222, are in several 
instances too sharp, for they are evidently outside of an isother- 
mal line drawn backward from a poiut of the lower part of the 
expansion line. In this respect the cards from No. 169, Central 
R. R. of N. J., are interesting. These cards are all but worth- 
less. Many of them show a very sharp cut-off at about half stroke 
when the record gives the cut-off at five inches. The indicator 
was not responsive. The areas are all too large, and the horse 
powers based upon them are erroneous. 

The back pressures of the B. and A. cards are, in general, much 
smaller than the others. But in comparing this feature with that 
of the other engines, it must be remembered that the B. and A, 
engine is a soft coal burner, and that all of the others burn anthra- 
cite [except the L., B. & S. C. engine], which makes a small nozzle 
necessary. Moreover the L.V. R. R. and D. L. and W. R. R. en- 
gines are built and adjusted for heavy fast mountain work, where 
the steaming qualities of the engines are taxed to the utmost, and 
great powers are developed. The maximum grade on the L. V. R. 
R. southward is 96 feet per mile for 12 miles without a break, 
and 69 feet per mile for 10.8 miles northward. On the D., L. 
and W. R. R. it is 53 feet to 75 feet per mile eastward for 19.5 
miles continuously, and 77 feet to 83 feet westward for fifteen 
miles continuously. Both roads have a constant succession of 
sharp curves. The B. and A. R. R. maximum grade is 60 feet 
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per mile between Boston and Springfield, on which division 
the cards were taken, and curves are comparatively few. The 
length of the grade is not great. B. and A. cards No. 5 give the 
maximum horse power, viz. : 640, while the back pressure is 8 lbs. 
approximately, the speed being 208 revolutions. Cards No. 30 of 
No. 383, Plate V., give 980 horse power with 13} lbs. back press- 
ure, the speed being 245 revolutions. The piston speeds of the 
two engines are 763 feet for No. 129, and 980 for No. 383. Engine 
No. 158 of the D., L. and W. R. R. shows 17 lbs. back pressure 
when developing 800 horse power at 181 revolutions. No. 383, 
however, when developing 725 horse power at 200 revolutions, 
showed only 7 Ibs. back pressure, or 1 Ib. less than No. 129 when 
developing 640 horse power at 208 revolutions. (See Fig. 148.) 

Fig. 188 shows a back pressure of 8 lbs. when No. 383 was 
indicating 835 horse power at 206 revolutions. Such instances 
can be duplicated indefinitely. 


REMARKS ON THE TABLES OF WATER AND COAL CONSUMPTION. 


The “ Coal used per hour,” the “Coal used per square foot of 
grate surface,” and the “Coal used per I.H.P., per hour” have 
been calculated by using the average evaporation for the entire 


trip, and the water used per hour between stations. The average 
actual consumption of water for No. 383 was 23} lbs. per LH.P. 
per hour, and that of No. 357, 26;%}5, or No. 383 consumed 88 per 
cent. of that of No. 357. The average actual water consumption 
of No. 444 was 27.01 lbs., or more than that of No. 357. This is 
inconsistent with the consumption of steam as deduced from the 
diagrams from the indicator, and is therefore to be credited to 
the boiler and the personal equations of the men in charge. 
Notwithstanding that the boiler was obliged to evaporate so 
much water, it did it with an average evaporation of 7.41 lbs. of 
water per pound of coal, while the boiler of No. 357, which was a 
54-inch wagon-top boiler, evaporated on the average 6 lbs, per 
pound of coal, or the evaporation of No. 357 was only 81 per cent. 
of that of No. 444. The average evaporation of No. 383, which 
has a 55-inch straight-top boiler, was 5.52 Ibs. of water per pound 
of coal, or only 74} per cent. of that of No. 444. These compari- 
sons show the great efficiency of the Strong boiler over the com- 
mon type. The efficiency of the Strong boiler, while the water 
consumption was very high, brought the coal consumption down 
to an average of 3.64 lbs. per I. H. P. per hour, while those of 
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Nos. 357 and 383 were respectively 4.33 and 4.24. That is to say, 
whether working upon water or steain, 444 used 84 per cent. of 
the coal required by 357 in developing one horse power, and 86 
per cent. of that required by 383. 

This shows the economy cf No. 383 to be due to the valve gear, 
and that of No. 444 to the boiler. 

The great water consumption of No. 444 was due to excessive 
blowing off, and to priming, caused by a timid engineer's carrying 
the water too high.* 

The true test of the valve gear is to be found in the last line of 
Table IV., which shows results from the cards, to which reference 
has already been made [see p. 11] which are independent of the 
boiler performances. These results show the consumption of dry 
saturated steam by No. 383 to be—as before stated—81,') per cent. 
of that of No. 357, and the consumption of steam by No. 444 to 
be 95 per cent. of that of No. 357. There is no apparent reason 
why No. 444 with her new cast-iron valves should not equal No. 
383, because the cylinders and valve gears of the engines are iden- 
tical, except that No. 444’s cylinder is one inch larger in diameter 
than No. 383’s. 

The question will be raised by all thoughtful persons, whether 
they are in sympathy with the Strong locomotive or not, as to the 
cost and durability of the new engine. Of these features of its 
existence the writer can only express an opinion. He sees no 
reason why, with special machinery—with which all locomotives 
are now built—and with care in the design, the great economy of 
the engine will not bring a handsome return upon the investment. 
As to the durability of the valve gear, he has the greatest faith. 
He sees complicated stationary engines running at all speeds from 
ten to twenty-four hours per day, six days in the week, while the 
locomotives run from four to eight hours only. There is no reason 
why men cannot acquire the skill necessary to properly handle 
and care for a high-class four-valve locomotive, as well as for a 
Corliss engine. Experience shows on the Lehigh Valley line that, 
to use the late A. L. Holley’s humorous allusion to the Corliss 
locomotives, the farmers along our railroads will not be kept from 
their legitimate occupations by picking up scrap iron thrown over 
their fields by passing engines. 


* Ata future meeting the writer hopes to present the results of an inquiry into 
the behavior of the steam in the cylinders of No. 444. 
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The writer takes pleasure in stating that he does not anticipate 
a permanent decline in American agriculture in consequence of 
the advent of the Strong locomotive. 


LEADING PARTICULARS OF THE L. V. R. R. LOCOMOTIVES 


ENGINE 444. | ENGINE 383. ENGINE 35 


CYLINDERS, ETC. 

Cylinder, diameter and stroke 20" by 24 19” by 24” | 201" by 2 
Diameter of piston rod 3) 233 and 234’ 
Length of connecting rod, centers...... 3 
Transverse distance between cylinder 

Distance from cenier of main drivers to, 

No. of valves per cylinder 2 steam, 4, 2 steam, 

2 exh, | 2exh. 
Gridiron Gridiron | Balanced 


Wall OF VAIVES, .. 
Inside lap 
Lead of valves, steam s constant | 4’ constant 
Lead of valves, exhaust 5’ constant | fe’ constant 
Throw of eccentrics 2h" 
Tractive force per lb. of mean effective 
pressure on piston 154.8 lbs. 131.3 lbs. 
Cylinder clearance in cu. in... “I 481 448 
Cylinder clearance in per ct. of piston, 
“displac eient 6.387 6.587 
Range of cut-off 4°10 194" | 4° to 194” 
Release begins at 23 23 
Compression begins at................. 2" to 4” | 2’ to 4” 
ordinarily | ordinarily 
WHEELS AND JOURNALS. 
Driving and truck wheel centers (all tires! 
of steel) Wrought Cast iron Cast iron 
iron 
Front truck 4-wheel 4-wheel 4-wheel 
swing beam.) swing beam swing beam 
Rear truck | 2-wheel 
| swing and 
radius bar None None 
Nominal diameter of driving wheels... .| 62” 
Calipered diameter of driving wheels... 6243" 
Diameter of front truck wheels,........| 30" 
Diameter of rear truck wheels.......... 
Total wheel-base of engine 
Rigid 
Driving axle journals (diam. and length).| 10” 
Front truck axle journals (diam, and 
length) by 
Rear truck axle journals (diam. and 
length) 


| slide 
19 
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ENGINE 444. ENGINE 383. ENGINE 357 


Main crank pin journals (diam, and 

Coupling- rod journals (diam. and 

WEIGHTS, ETC, 

Weight on first pair drivers in working 

Weight on second pair drivers, in work- 

Weight on third pair drivers, in work- | 

80,000 lbs. None None 
Total on drivers, in working order ..... 90,000 Ibs. | 74,640 lbs. | 63,280 lbs 
Weight on front truck, in working or- 

27,000 Ibs. | 24,880 lbs. | 27.440 lbs. 
Weight on reartruck, in working order... 21,000 Ibs. None None. 


Total weight of engine, in working order. 138,000 lbs. | 99,520 Ibs. 90,720 Ibs 


BOILERS, ETC. 


Height of boiler center above rail ..... 73 
shell 
Material for boiler plate..... .. ...... O. H. steel | O. H. steel | O. H. steel 
Diameter of barrel inside smallest ring 58 55 54 
Diameter of fire boxes and combustion 384" inside |....... 
chambers, corrugated ............ | 422" outside 
404 41 3° 68 
Number of tubes, all iron.............. 306 229 248 
Diameter of tubes, outside ............ 1} 2 2" 
62 sq. ft. 37.12 sq. ft. | 39.2 sq. ft 
Heating surface, fire ee 155 151.6 142.3 
Heating surfac e, combustion chamber, 

Heating surface, tubes, sq. ft....... -k 1,600 1234.3 1429.8 
Heating surface, total, sq. ft........... 1,848 1385.9 1572.1 
Rat o of heating surface to grate aren... 29.8 to 1 37.3 to 1 40.1 to l 
Smallest inside diameter of smoke stack. 
Height of top of smoke stack above rail. . 
Working steam pressure per sq. in..... 160 lbs. 160 lbs. 140 lbs 

TENDER. * 
8-wheeled double trucks, diameter of 

Capacity of tender (gallons)......... 8,000 
Weight of tender loaded. ...... ....... 


DISCUSSION. 


Mr. Geo. H. Barrus.—Mr. Dean has submitted a very inter- 
esting paper, giving an analysis of the indicator diagrains taken 
from the Strong locomotive, and comparing them with diagrams 


* The same tender was used on all tests. 
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from locomotives fitted with the ordinary Stephenson valve gear. 
and this paper forms a valuable addition to the data published in 
connection with Mr. Leavitt’s report on the same subject. This 
report gave incomplete data regarding the performance of the 
engine apart from the boiler, and Mr. Dean’s paper supplies the 
deficiency. 

The comparison made between the action of the Strong valve 
gear and that of the engines of the old-fashioned type, shows, 
according to Mr. Dean’s method, that the new valve gear enables 
an engine to produce a much larger amount of power than the old 
gear, and also to secure greater economy in the consumption of 
steam and fuel. Several comparisons are made giving the superi- 
ority in the case of power some 30%, and in the case of economy 
some 20%. 

Mr. Dean has kindly referred to some cards taken by myself 
from the Boston and Albany locomotive No. 129, and for this 
reason I may be permitted to criticise his conclusions so far as they 
relate to the cards in question. 

It cannot be doubted that an engine with four valves, of which 
the Strong locomotive is a type, should secure not only greater 
capacity but increased economy over an engine with a single valve 
like those in ordinary use. The criticism which I would offer 
consists in raising the question as to the amount of this increase. 
It seems to me that the whole tenor of Mr. Dean’s position in this 
matter is toward over-estimation, and I base my ideas on the sub- 
ject upon the performance of the Boston and Albany locomotive, 
No. 129, which I tested, and upon a similar locomotive on the same 
road, which was tested at the same time. 

I would call attention, first, to the column of diagrams taken from 
this engine, No. 129, Figs. 214 to 222 of Mr. Dean’s paper, which 
are reproductions of those given in the published account of these 
tests. Suppose a glance is taken at these diagrams, and then ref- 
erence is made to Figs. 182 to 205, giving diagrams from engine 
No. 383, which is fitted with the Strong valve gear. Neither set 
of diagrams corresponds very closely to the ideal perfect diagram. 
In both instances there is wire drawing before the point of cut-off, 
early release, early compression and a high back pressure, although 
the Strong diagrams, except in the matter of wire-drawing, come 
the nearest to the ideal. Taking, however, the general appearance 
of the two sets of diagrams, I submit that the Boston and Albany 
diagrams have a more pleasing effect to the eye than those taken 
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from the other engine. Thiscomparison, however, does not count 
for much. It is only a sort of object lesson. 

As to the matter of relative capacity shown by the cards from the 
Strong engine, it is difficult to make a comparison owing to the 
difficulty of obtaining like conditions of speed, boiler pressure and 
cut-off. It seems to me that the comparison which has been given 
at Fig. 181, between the Strong engine and the Boston and Albany 
engine, wherein it appears that the ratio of area is 1.35 to 1, is 
quite unfair to the Boston and Albany engine. There is a wide 
difference in the point of cut-off on the two cards, the Boston and 
Albany card being the shorter. Had the cut-offs been equal, the 
areas of the diagrams would doubtless have been substantially the 
same. ‘Take, for example, this very diagram from the Strong loco- 
motive, and compare it with the one which is numbered 5 in the 
set from the Boston and Albany engine. The cut-offs are substan- 
tially the same. So are the pressures at cut-off and the back press- 
ures. I make the mean effective pressure of the Strong card 53.3 
lbs., while that of the Boston and Albany card is 55 Ibs. 

The proper comparison to make is one in which the cut-offs, the 
boiler pressures and the speeds are all alike. In other words, 
diagrams should be selected in which the expansion lines, at some 
stipulated points of the stroke, show the same pressure, and in 
which the other conditions were alike. It must be admitted that 
it is difficult to make such a comparison ; but whatever the diffi- 
culty, it is certain that this kind of comparison is the one which 
ought to be made. 

Now, as to the question of economy, Mr. Dean’s table No. 4, 
column 7, gives for the steam accounted for by the indicator at re- 
lease, 21.3 lbs. per indicated horse-power per hour, which is his 
best result. This is at a pressure of 170 lbs., and a mean effective 
pressure of 58.9 lbs. On the Boston and Albany locomotive, the 
steam accounted for at release was 20.3 lbs. per indicated horse 
power per hour, the boiler pressure being 156 l|bs., and the mean 
effective pressure 54.4 lbs. It appears in the matter of economy, 
therefore, figured from the diagram, that the Strong engine was 
inferior to the Boston and Albany engine. 

There seems to be some inconsistency in the tigures given here, 
for in Table No. 5 one test gives the feed water consumption as 
21.3 lbs. per indicated horse power per hour, whereas the consump- 
tion figured from the diagram, with about the same indicated horse 
power, is the very same figure, namely, 21.3. Taking the average 
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results of all the feed water tests, which is a consumption of 23.25 
Ibs. of feed water per indicated horse-power per hour, and taking 
the average of all the quantities giving the steam accounted for by 
the diagram, which is 22.05 lbs. per indicated horse-power per 
hour, we have a ratio of steam accounted for to actual consumption 
of .95. It seems, then, that the loss from cylinder condensation 
and leakage, measured at the release in the Strong engine, was 
only 5 per cent. I submit that this is an unheard-of performance 
for an engine which must be cutting off at about one-quarter 
stroke. The steam accounted for at the release in the Boston and 
Albany engine was .79 of the actual consumption, this being at a 
cut-off of about one-third. This corresponds to authentic results 
obtained from automatic cut-off stationary engines—but .95 is 
altogether out of the question. 

Taking the actual consumption of coal of the engine with the 
Strong valve gear, No. 383, which was an average of 4.24 lbs. per 
indicated horse power per hour, and comparing it with the coal 
consumption on the Boston and Albany engine, which was 3.02 
Ibs. per indicated horse power per hour, the economy of the two 
types of engines, even here, appears to favor the old-fashioned 
engine. But a comparison of this kind is not a proper one, for the 
reason, as stated in Mr. Dean’s paper, that one engine used anthra- 
cite coal and the other a high grade of bituminous coal. The com-. 
parison, however, is suggestive. 

In making these criticisms I recognize the fact, which is promi- 
nently brought out by Mr. Dean, that the increased port area 
which the Strong valve gear secures, adapts the engine for high 
speed, and that at exiremely high speeds, the new valve gear should 
produce decidedly the best results. 

In this connection I would refer to a statement given by 
Mr. Dean in regard to the objectionable features of balanced 
valves. He offers the opinion that all balancing devices are ac- 
companied by steady or at least intermittent leaking. I do not 
know how true this is in the majority of cases where balanced 
valves are used, but I do know that in the case of the valves used 
on three different Boston and Albany engines which I tested, and 
which were fitted with a simple balancing device, the valves did 
not permit a breath of steam to pass when set at mid-stroke and 
subjected to full boiler pressure. I have every reason to believe, 
from the statements made to me by the shop hands who had 
charge of repairs on these engines, that they continued in this 
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condition under ordinary usage, for several months’ time without 
repair, 

The report published in the Railroad Gazette related to tests 
made on three locomotives, two of which, No. 129 and No. 169, 
were at that time of special design, and one, No. 150, was of the 
type in common use. They all had the old-fashioned front with 
petticoat pipe and straight stack. The object of the tests was to 
compare the economy of the first two-named locomotives with each 
other, one of these, No. 169, being fitted with an Allen valve hav- 
ing a port 3 inch wide, and the other with a common D valve; and 
furthermore to compare the economy of these with that of No. 
150, the former having increased boiler capacity and carrying 160 
lbs. pressure, while the latter carried 130 lbs. in accordance with 
the then prevailing practice. They were a! fitted with the 
Richardson balanced valve, and each valve was tight under a full 
pressure at mid throw. 

The tests made subsequent to July 14 were conducted on the 
express passenger train which leaves Boston at 11.00 a. Mm. and 
arrives in Springfield at 1.48 p. m.; and on the return trip leaves 
Springtield at 3.22 p.m. and arrives in Boston at 6.10 p.m. The 
observations covered the whole round trip. 

The coal was taken on at Boston and that unconsumed at the 
end of the return trip was weighed back. The test was started 
with a new fire and the fire was burned out at the end of the trip. 
All the wood and cual required in getting up steam was included 
in that measured. Water was taken at Boston, Worcester, Spring- 
tield, and Worcester, and the quantity used-was measured by obser- 
vations on a glass tube attached to the tender. These observations 
were taken after filling and before refilling, and at each intermedi- 
ate stopping point. The effect of changes of level, due to varia- 
tions of grade in the track whereon the measurements were taken, 
was allowed for. 

A set of indicator diagrams was taken from each cylinder at in- 
tervals of two and one-half minutes during the whole trip, on all 
the tests subsequent to July 14, whenever the throttle valve was 
open. Three-quarter-inch indicator pipes were used, connecting 
by easy bends made in the pipes, to a central tee, where the indi- 
cator, suitably braced, was located. The rig consisted of a pendu- 
lum hung to the running board, with sector for the cord and a 
connecting rod at the lower end leading to the cross-head. 

The tests preceding July 20 were made on the 4.30 p. M. train, 
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and no diagrams were taken on the return trip from Springfield. 
On these tests the speed was controlled to some extent by varia- 
tions in the opening of the throttle valve. On the remaining tests, 
the throttle, when opened at all, was kept continuously wide open. 

For the basis of comparison, which has been referred to, the per- 
formance of the engines has been figured for that portion of the 
return trips which extends from Springfield to East Brookfield, 
when the conditions were most nearly identical. 

The dimensions of the engines and the data and results of the 
tests are given in the following. tables, Nos. 1-3. Table No. 4 
embraces the results of additional tests which were made on loco- 
motive No. 169 in September, 1882. These results give informa- 
tion as to the temperature of the escaping gases in the smoke arch 
and the amount of the draught suction, which were not obtained 
on the previous tests. 

The conclusions of the writer in regard to the results of the 
various comparisons were detailed fully in the report. They were, 
briefly, that the Allen valve increased the economy about 2 per 
cent. The large boiler of No. 129 was about 14 per cent. more 
economical than that of No. 150; and the high boiler pressure 
(160 lbs.) of No. 129 secured about 7} per cent. less consumption 
of steain per horse power than the lower pressure (130 lbs.) of No. 
150. 

Appended are copies of representative diagrams, taken in each 
case from the right-hand cylinder, (Fige. 310 to 340.) They are 
given with the reversing lever in various notches, both with slow 
and medium speeds. A full set is given for each day’s test of En- 
gine No. 150. The valve on this engine, previous to the first test, 
had been “set by sound,” according to the usual practice. After 
the first day’s test, the valve stems were lengthened about , of an 
inch. 
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4th. Notch 
.. 160 
Chest 153 § 
R. P. M 
M. E. P. front. .97.8 
M. E. P. crank .101.9 
Crank End Front End 


Fic. 310.—-No. 1, Loco, 129, July 26. Time, 3.22} P.M. Scale, 80. 


4th. Notch 


k.P 160 
Chest P 148 | 
R. P. M | 


M. E. front..79.0 
M. E. P. crank ,&82.2 


Fie. 311.—No, 2, Loco. 129, July 26. Time, 3.274 p.m. Scale, 80. 


8rd. Notch 


160 
Chest P. 148 
P. ...140 


M. E. P. front. .65.9 
M. E. P. crank ,66.8 


Fic, 312.—No. 8, Loco. 129, July 26. Time, 3.30 P.m, Scale, 80, 
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2nd. Notch 


Chest P....... 
M. E. P. frout..51.1 
M. E. P. crank .52.4 


Fic. 313.—No. 4, Loco. 129, July 26. 


Time, 5.3874 P.M. Secale, 80, 


8rd. Notch 


M. E. P. front 
M. E. P. crank .55,2 


Fic. 314.—No. 5, Loco. 129, July 26. Time, 12.05 p.m. Scale, 80. 


Between 2nd, & 3rd. Notch 


. crank 


Fig. 315.—No, 6, Loco, 129, July 26. Time, 12.274 P.M. Scale, 80. 


B.P ....160 
.160 
Chet? 088 
R. P.M 208 
| 
B. P 160 ‘ 
Chest P.........146 
M. E. P. front. .49.9 
M. 
. 
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2nd. Notch 
B.P 
Chest P... 
Rk. P.M 


M. E. P- front 
M.E. P. crank 3% 


Fig. 316.—No. 7, Loco. 129, July 26. Time, 3.324 p.m Scale, 80. 


Ist. Notch 


B. P 1) (%) 
Chest P 149 ¥) 
228 


M. E. P. front, 
M.E. P. crank .25.6 


Fig. 317.—No. 8, Loco. 129, July 26. Time, 1.15 p.m. Scale, 80. 


f Center Notch | 


P 155 
Chest P .-..149 
R. P. M 208 


M. E. P. front. .13.7 
M. E. P. crank .14.9 


318.—No. 9, Loco, 120, July 26. Time, 5.45 p.m, Scale, 80. 
40 
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4th. Notch 


155 
Cheat P.... ....140 
. 128 


M. E. P. front. .84.8 
M. E. P. crank .85.7 


Fia. 319.—No. 10, Loco. 169, July 28. Time, 8.273 p.m. Scale 80. 


3rd. Notch 


.160 
Chest P.... 144 
M. E. P. front. .70 


Fic. 320.—No. 11, Loco. 169, July 28. Time, 3.30 P.M. Scale, 80. 


2nd. Notch 


160 
Chest P......-+- 148 
180 


R. 
M. E. P. front. .49.5 
M. E. P. crank . 45.6 


Fic 321.—No. 12, Loco. 169, July 28. Time, 12.17} P.M. Scale, 80. 


| 

\§ 
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Between 2nd. and 3rd. Notch 


B. P . 155 
Chest P son 
R. P.M ‘ 216 


M. E. P. front. .47.2 
M. E. P. crank .45.6 


Fig. 322.—No. 13, Loco. 169, July 28. Time, 5.42} P.M. Seale, 80. 


2nd. Notch 


160 
Cheat P.........148 
kK. P.M 218 


M. E. P. front. 39.2 
M. E. P. crank .37.4 


Fic, 323.—No. 14, Loco. 169, July 28. Time, 11.42} A.M. Scale, 80, 


Between Ist. and 2nd. Notch 


B. P 160 
R. P.M . 192 


M. E. P, front. .32.6 
M. E. P. crank .22.4 


Fic. 324.—No. 15, Loco. 169, July 28. Time, 11.15 4.m. Scale, 80. 


= 
H 
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Ist. Notch 


_ 160 
Chest P. 150 


M. E. P. front. 25.1 
M. E. P. crank .23.9 


Fig. 325.—No. 16, Loco. 169, July 28. Time, 5.22} p.m. Scale, 80. 


Center Notch 


Chest P......... 147 
M. E. P. front..10.9 
M. E. P. crank ..8.2 


Fig. 326.—No. 17, Loco. 169, July 28. Time, 5.15 p.m. Scale, 80 


5th. Notch 
130 
120 


M. E. P. front..75.2 
M. E. P. crank .73.6 


Fig. 327.—No. 18, Loco. 150, July 20. Time, 3.274 P.M. Scale, 80 


j 
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4th, Notch 


B. P 128 
Chest P 120 
R. P. M .138 
M. E. P. front. 
M. E. P. crank ,62.0 


FiG. 828.—No. 19, Loco, 150, July 20, Time, 3.30 P.M, Seale, 80. 


3rd. Notch 


n. 130 
Chest P 125 
R. P. M 135 


M. E. front. .57.9 
M. E. P. crank .45.1 


FIG, 329.—No. 20, Loco. 150, July 20. Time, 11.36 a.m. Scale, 80. 


Srd. Notch 


3. P ..130 
Chest P , 120 
2. 216 
M. E. P. front..45.1 
M. E. P. crank .30.3 


FG, 330.—No. 21, Loco. 150, July 20. Time, 11.20 a.m. Seale, 80. 


< 
| 

< 
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2nd. Notch 


..195 


20 
M. E. P. front. .31.5 
M. E. P. crank .14.6 


Fig. 331.—No. 22, Loco. 150, July 20. Time, 5.55 p.m. Scale, 80. 


Ist. Notch 


130 
M. E. P. front. .23.7 
M. E. P. crank ..2.7 


Fia. 3382.—No. 28, Loco. 150, July 20. Time, 5.10 p.m. Scale, 80. 


5th. Notch 


M. E. P. front. .74 
M. E. P. crank .74. 


FiG. 333.—No. 24, Loco. 150, July 21. Time, 4.32} p.m. Scale, 80. 


\ 
4 
{ 

R. P.M 128 

1 
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4th. Notch 


Chest P 
R. P.M 
M. E. P. front. .65.0 
M. E. P. crank 62.7 


334.—No, 25, Loco, 150, July 21. Time, 4,30 P.M. Seale, 80. 


3rd. Notch 


B.P 
Chest P 
R. P.M 


M. E. P. front 
M. E. P. crank .5* 


Fig, 335.—No. 26, Loco. 150, July 21. Time, 12.37} P.M. Seale, 80, ' 


2nd. Notch 


M. E. P. front. .37.4 
M. E. P. crank .25.3 


Fic. 386.—No. 27, Loco. 150, July 21. Time, 11.524 a.m. Scale, 80. 


BP 130 
| 
| 
| 
a | 
: 
6 | 
| | 
{ 
| 
} 
Chest P.... .121 
py 
| 
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4th, Notch 


180 
115 
R. P. M 200 
M. E. P. front. .53.0 
M. E. P. crank .45.8 


887.—-No, 28, Loco, 150, July 21. Time, 12.05 p.m. Scale, 80. 


Notch 


130 
Chest P. 
R. P. M. 192 


M. E. P. front. .46.7 
M. E. P. crank .41.3 


—— 


F1G, 338.—No, 29, Loco. 150, July 21. Time, 11.20 a.m. Seale, 80. 


2nd. Notch 


130 
Chest P 
M.E. P. front. .20.1 
M. E. P. crank .15.0 


Kia. 339.—No. 30, Loco. 150, July 21. Time, 11.30 a.m. Scale, 80 


1st. Notch 


M. E. P. crank .15.0 


Fie, 340.--No. 31, Loco. 150, July 21. Time, 11.80 a.m. Scale, 80. 


| 

- 4 
| 
| 
R. P. M 220 
M. E. P. front. .20.1 } 
} 
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TABLE L. 


DIMENSIONS OF BOTLERS. 


No. 129 
Name of Locomotive. | No. 150 and 
No. 169 


Length between tube sheets 11 1 | 113” 
Width of fire-box at in 35} 
Width of fire-box at crown, front ...... 45 464 
Inside diameter of tubes....... 1j 1 
Area of heating surface (exposed to products of com 
Area of grate surface ..... 15.99 17.41 
Area for draught through tubes...............8q ft. 2 92 8.69 e 
Area for draught through stack............ . .8q. ft. 1.19 1.19 | 
Ratio of heating surface to grate surface 63.3 tol | 71.5 tol 
Ratio of grate surface to area through tubes......... tol 4.71 tol 
Ratio of grate surface to area through stack. 13.4 to 1 14.6 to 1 


Number of sq. ft. of heating surface per horse power 
when e =. indicates SOO 2.02 2.49 
Kind of grates Tupper Tupper 


DIMENSIONS OF THE ENGINES. 


NAME OF ENGINE 


No. 169 No, 150. 


Inches Inches Inches. 

Diameter of cylinder...... 18 18 18 
Diameter of pistum rod... 214 23 2% | 
Clearance, expressed in fractions of the piston " 

displacement (completed) ................ 07 .07 
Size of steam ports........... 1x 14% | 13,x143 1 « 143 
Sine of exhaust port. 23 x.14} | 2} x 143 
gy blind line to line line to line 
Diameter of dry pipe. 5 5 5 
Diameter of steam pipe each eylinder......... { 4 4 fl 
Diameter of each exhaust tip............-. 3,3 3h 
Diameter of petticoat pipe ..............-.... 10 10 9 i 
Outside diameter of driving wheels........... 583 | 5 8% 5 83 


4 
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TABLE III. 


DATA AND RESULTS OF THE EVAPORATIVE PERFORMANCE IN THE CYLINDERS. 


| 


Name of Engine. | Nu. 129 No. 169. No. 150. 


Date of Test. July 26. July 28 July 21. 


1. Portion of the-route .......0655.+ Spr. to E. Br. Spr. to E. Br. Spr. to E. Br 
2. Duration of the test........... his, 0.842 0.867 0.871 ; 
3. Number of inches of feed water ' 
in. 23.34 23.04 | 24.44 
4. Number of pounds of feed water 
3 5. Consumption of feed water per \ 
Ibs. 14,682 14,650 14,829 
i 6. Average boiler pressure........ Ibs 156 156 129 
a 7. Average pressure in right hand 
Ps 8. Average initial pressure in cylinder 
4 above atmosphere .......... Ibs, 150.0 151.6 120.0 
= 9. Average normal initial pressure in 
cylinder above atmosphere. . Ibs. 131.0 133.1 107.5 
10. Average pressure at cut-off above 
Ibs. 98.2 103.9 80.4 
11. Average pressure at cut-off above 
Ibs. 112.9 118.6 95.1 
12. Average pressure at release above ' 
Ibs. 53.5 54.5 48.3 | 
13. Pressure at release measured on a 
hyperbolic curve passing through 
point of cut-off ......... 54.5 54.7 49.3 
, 14. Average pressure at compression 
: point above zero............ Ibs, 29.6 31.3 30.1 
| 15. Average back pressure at lowest 
point above atmosphere ..... Ibs. 5.5 | 6.9 7.4 
16. Proportion of direct stroke com- ' 
17. Actual cut-off (clexsrance 77)... .. .373 . 362 
18. Proportion of direct stroke com 
pleted at release ............... | 
19. Proportion of return stroke uncom- 
pleted at compression........... .276 | 803 
20. Av. mean effective pressure. ... lbs. 54.45 53.86 51.58 
21. Average speed in revolutions per 
189.3 | 190.0 190.0 
22. Av. indicated horse power... H. P. 579.5 573.2 549.5 
23. Consumption of feed water per 
Ibs. 25.65 24.51 27.00 
24. Steam accounted for by diagram at 
cut-off per I. H. P. per hour.|bs. 19.63 | 19.39 22.71 
25. Steam ac. for by diagram at re 
lease per I. H. P. per hour.. .1bs. 20.30 | 20.59 | 23.27 | 
26. Proportion of feed ac. for by dia-| | 
27. Proportion of feed acct. for by dia 
-810 | 861 


Note.—The points where the various pressures given above are measured 
are represented upon diagram No. 5. 
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TABLE IV. 


DATA AND RESULTS OF TEST OF LOCOMOTIVE NO. 169, SEPT. 29, 1888. 


Springfield 
Round Trip to 
Worcester. 


TOTAL QUANTITIES. 


1. Duration equals length of time throttle valve was 


2. Total consumption of Clearfield bituminous coal..Ibs. 8,588 
4. Total weight of feed water consamed .......... Ibs. 49,381 16,850 
5. Average indicated horse power developed ..... m. ©. 502 9 631.6 
7. Average back pressure at lowest point.......... Ibs. | 
8. Average mean effective pressure ............... Ibs. 47.36 63.34 
9. Average number revolutions per minute ........... 190 178.5 

10. Temperature of feed water in tank.......... deg. F. 65 Te 

11. Average indication of draught in. 

12. Maximum in. 7.5 

14. Average indication of pyrometer in smoke arch 

deg. F. ud 
15. Maximum indication of pyrometer in smoke arch 
deg. F.| 850 


16. Minimum indication of pyrometer in smoke areh. 


HOURLY QUANTITIES. 


19. §** per indicated horse power........ Ibs. 

20. Feed water per ..lbs.| 11,899 15,044 

21. Ibs. 23.66 23.82 


19.80 


Mr. J. S. Coon.—Mr. Barrus has called attention to the fact that 
the coal used on the Boston and Albany Railroad was a very high 
quality of bituminous coal, whereas the coal used on No. 383 on the 
Lehigh Valley was anthracite of ordinary grade, and he further states 
that the true test of economy of the two engines should be based on 
the quantity of feed water, just as the economy of the stationary 
engine should be based on the steam which it uses. We had an excel- 
lent opportunity in those tests on the Lehigh Valley to test that fact. 
We ran from Sugar Notch to Glen Summit for about twelve miles 
on a grade averaging about 96 feet to the mile, and these engines 
drew on the the several tests exactly the same train, consisting of 
five cars, the weight of which, with the passengers, baggage, etc., 
was about 421,000 pounds. Taking an average of the feed water 


| q 
| 
22. Steam accounted for by sample diagram at cut-off. 
23. Water evaporated per pound of 
| 


x. 
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consumed by No. 383, fitted with the Strong valve gear, and the 
other, fitted with an ordinary Stephenson link and balanced valve, 
the difference in the quantity of water consumed—the average— 
was 20, per cent. in favor of the Strong valve gear. No. 444 
consumed more water than No. 383. That was fitted not only 
with the Strong valve gear, but the Strong boiler. The engineer 
was afraid to carry the water between the first and second gauge 
cock. He almost always had water in the third gauge cock. I 
think that the standard of comparison should be made between 
the two types simply on the consumption of feed water while the 
types of boiler were practically the same. 

Mr. Barrus.—Mr. Coon states in a printed report that engine 
No. 444 had trouble from water priming over into the cylinders, 
and that the steel admission valves of the engine leaked. I think it 
is stated in the same report that the boiler frequently blew off dur- 
ing the tests. Now the same kind of comparison which I made 
on No. 383 shows that the steam accounted for by the indicator 
was 97 percent. of the feed water consumption. This allows a 
margin of only three per cent. for cylinder condensation, leakage, 
priming and blowing off. I think there is some diserepaney here. 

Mr. Coon.—I\t must be distinetly borne in mind that the figure 
given by Mr. Barrus is his figure, not mine. 

Mr, Barrus.—I based my computation on the published figures 
given in Mr. Dean’s paper. I do not know what else we have to go 
by. I should like to have some explanation of that discrepancy. 

Mr, Coon.—I shall also have to decline to be responsible for Mr. 
Dean’s figures. 

Mr. Barrus.—Mr. Coon does not feel disposed to answer this 
matter, and so I will assist him, if he will allow me. I understand 
that the method employed in conducting these tests—that is, in 
working up the amount of power developed by the engine—was this : 
It appears that some of the runs—in fact, on a good many of the 
runs—the time was about three minutes, in some cases two minutes, 
in some cases four or five minutes, and in some cases a longer time, 
between the stops at the stations. Some of these runs are reported 
as of twenty minutes total duration, and in that time there were 
three or four stops. Now, in working up the cards I understand 
that no cards were figured that were taken before the engine had 
attained its full working speed, and that the whole time of the run 
was taken from the time the engine started until the time the 
engine stopped, no allowance being made for the time that the 
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throttle valve was shut. The power developed from the time the 
engine started until the time the engine reached its normal speed was 
thrown out, and the assumption is made that the power developed 
during that time is the average developed while the engine was in 
normal working, and also that the power developed during the 
remaining time, after the throttle valve was shut until the engine 
was brought to rest, was also that same average. In reality, during 
this last period there was no power developed. I think the diffi- 
culty is that the duration of the various periods of the test has been 
taken too short. For this reason the quantity of water consumed 
per hourcomes out too small. Probably also, for the reason given, 
the average indicated power is too large. I think that this explains 
the discrepancy. 

Mr. Coon.—I agree with Mr. Barrus that the time dming which 
the tests were conducted was too short to get a very valuable record 
of the indicated power of the engines, and if Mr. Barrus will 
remember how the report is written—my report to Mr. Leavitt— 
he will recall that no attempt has been made to account for the 
quantity of feed water in the cards, from the fact that I did not 
myself consider that the runs were of suflicient length to warrant 
that kind of investigation, The object of the tests was simply and 
only to get a comparison between the Strong type and the other 
type, and no matter what system was adopted, we could get a com- 
parative record of the types. I will not say that it is proper to take 
the records we obtained and compare them with the records obtained 
by Mr. Barrus, which might have been conducted under more favor- 
able circumstances. 


Mr. W. F. Mattes.—I did not understand that Mr. Coon’s test of 


the comparative merits of the Strong and ordinary valve gear on the 
runs stated, from Sugar Notch to Glen Summit, was intended to be 
a scientific test. I understood it was intended to be a practical 
comparison between these two types of gear under as nearly as 
practicable identical conditions While the test may not give us 
scientific facts, it seems to me that there is food for thought for 
engineers interested in these various types of gear, in the fact that 
there was so large a difference developed in the quantity of water 
consumed by these two engines on that identical ran. When a differ- 
ence so large as twenty per cent. in the quantity of feed water con- 
sumed in the run is shown, there must be something radical about 
that gear to produce it. We can eliminate a great deal for errors 
of observation, ete., and still have left a large figure. Every 
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engineer familiar with the subject knows that a large locomotive of 
eighteen or nineteen inches cylinder, by say twenty-four inch 
stroke, pulling a heavy passenger train at the highest possible speed 
for something like twelve or thirteen miles against a ninety-six foot 
grade, will use a very large quantity of water in that time. The 
quantities consumed are large enough, taken in connection with a 
difference of twenty per cent. to give us something that for practi- 
cal purposes is really valuable. 

Mr. Snell.—I would like to ask the question, During these trials 
was the direction and force of the wind the same? Going the speed 
at which the engine goes, it might be a quarter or half an ounce 
pressure on each square inch, 

Mr. Coon.—The weather during the tests which were made dur- 
ing the month of May was every day just like it is to-day, or just 
like the weather has been this week. There was every day blowing 
a slight wind up the mountain, not enough to affect the results very 
much. There was oneday when the wind blew very hard ; then the 
consumption of feed water and coal was very much increased. 

Mr. Mattes has called attention to a point about the large quan- 
tity of feed water consumed, and I will give those figures. The 
mean consumption of water from Mauch Chunk to Glen Summit 
on four runs, for 383, fitted with the Strong gear, was 17,942 
pounds. For 357, titted with the link motion it was 21,585 pounds. 
These figures go in conjunction with the loads I gave. 

The President.—1 would like to ask Mr. Coon if the locomotive 
which was fitted with the old type of gear was overhauled before 
the trial and the valves reset ? 

Mr. Coon.—Mr. Mitchell was asked to give us the best locomo- 
tive he had fitted with the Stephenson link motion, and he gave us 
this one. It had been out of the shop about two months—may be 
not so long as that: I would not state positively. 

The President.—That is a very important matter in a test of that 
kind. Both engines and apparatus should be in equally good con- 
dition. Was any examination made of that gear? 

Mr. Coon.—No, sir. We did not examine the valves at a close 
of the trial on any of the engines.* 

Before we pass to the next subject, Mr. Baldwin has suggested 
that I call attention to the fact, which every engineer will at once 


* Eng. 444, fitted with the Strong gear, had cast-steel valves and seats, which 
had cut badly and were leaking during the tests. These cast-steel valves and 
seats have been replaced by cast-iron ones. 
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recognize as a very important one, that the Strong locomotive 
labored under the disadvantage that any radical change in existing 
types must labor under. There was a very strong prejudice against 
the Strong locomotive on the part of the engineer running it. The 
fireman, it is true, was not prejudiced against it, but the engineer 
was taken from his regular locomotive. He was a large thick-set 
man, and the Strong locomotive was not quite so easy to get in and 
out of as his own locomotive. He was one of those Pennsylvania 
Dutchmen who are pretty hard to manage, and we could not get 
him to do what we wanted, 

Mr. Nagle.—I suggest that the personal equation of the experts 
should enter into every test. 

Prof. R. H. Thurston.*—Vhe locomotive has been at a standstill, 
so far as its general design is concerned, tor so many years, that any- 
thing which gives any promise of bringing about a substantial and 
permanent advance in its construction and its economical operation 
should receive very respectful consideration. The standard engine 
of to-day is, in all important details, substantially the engine of 
Stephenson. Now and then an attempt has been made to effect the 
change of economical value in some detail of construction ; and now 
and then an inventor, like Wootton, has actually made a radical 
modification of the machine for a special purpose 7 but the boiler 
of the standard engine is to-day substantially, on the whole, that 
of the engines of 1830 to 1840, and the engine and its valve motion 
have remained unchanged for nearly a half century. Mr. A. J. 
Stevens did some interesting work in the use of a cut-off valve, and 
Joy has brought into use a radically different type of valve motion ; 
while a hundred inventors have tentatively applied their various 
forms of balanced valve with as various success. The standard 
engine, however, is practically, as it seems to-day, crystallized, per- 
haps fossilized. 

It has seemed to me that the work of Mr. Strong has been, to 
say the least, thoroughly deserving of careful study, and his engine 
is entitled to the most complete and thorough test under all the 


usual conditions of every-day work. An examination of his plans 
and the study of the reported data obtained during the trials of his 
engines seem to me to indicate the probability that he has effected 
the purpose which he had in view so completely as to at least make 
it certain that his devices will have that lengthened and practical 


* Contributed after adjournment. 
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trial which alone can determine whether the machine is so much 
better in design, construction and operation, under the usual con- 
ditions of service, as to give it fair chance of displacing the older 
type. The introduction of the corrugated flue as a fire-box cannot, 
I presume, be expected to give any observable gain in the econom- 
ical working of a clean boiler, go far as cost of fuel is concerned ; 
but the displacing of the old ftat-topped fire-box, with its forest of 
stays and its grating of girders, its innumerable cages for scale and 
sediment, and its multitudinous opportunities for breakage and 
burning and corrosion, is most unquestionably a matter of impor- 
tance. It is unfortunate that greater height cannot be secured by 
this system for combustion above the fire, but the combustion cham- 
ber beyond the grate is a very valuable compensation for that loss. 
The strength, stiffness, accessibility, and above all the simplicity 
of this construction, are, to my mind, improvements over the old 
design of no ordinary value. I judge from the results reported that 
no serious practical difficulties are found in firing these grates. 
That would be the first thing I should look for, With the corru- 
gated furnace, it would seem that any increase of pressure which 
may seem likely to prove desirable may be adopted with safety and 
eatisfactory final result. I do not, however, anticipate any very 
immediate and rapid advance in the direction of higher pressures 
in locomotive practice, although I have no question that increasing 
pressures are to be the element of further advance in that, as in any 
other department of steam engine work. 

The other essential peculiarity of the Strong engine, its valve 
motion, appears to me, if a less obvious, a no less essential element 
of such success, as the limited experience so far had with the loco- 
motive has indicated. The endeavor to secure a good distribution 
of steam in the locomotive with a fairly simple form of gearing 
has been in the thought of every engineer for many years, Noth- 
ing, as yet, however, has been able to displace the old Stephenson 
gear. If well designed and properly put together, it is simple, 
effective and durable beyond any other device yet tried up to 
date, unless it should prove that the Joy gear—which, however, 
gives a very similar distribution—should be finally found its superior 
in the latter quality. 

But it is evidently certain that if we are to seek the best and an 
adjustable arrangement of both steam and exhaust sides, we must 
have independent steam and exhaust motions. It is further obvious 


that if we are to seek reduced clearance and greater power from 
41 
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the same cylinder, we must use separate valves; while, if we desire 
to get maximum rapidity of ingress and exit of steam, large port 
area must be adopted ; and this means, if much gain is sought in 
this direction, the use of the gridiron valve. The construction 
employed by the designer of this engine is thus logically correct, 
and it is simply to be ascertained by trial whether these desiderata 
are obtainable in the manner adopted without the introduction of 
other elements of more than compensating quality. 

Of the two methods of securing reduced expenditure of power 
in the working of valves, that by balancing and that by adopting 
Corliss’ idea of making their movement take place mainly when 
there is least pressure on them and they are of themselves most 
nearly balanced, I should regard the latter as the better, if a choice 
must be made. Experience with balanced valves indicates that 
they, if in good order, greatly reduce the internal resistances of 
the engine. This occurs in greater amount than is commonly sus- 
pected or realized by the average engineer, I think. I have in 
several cases found it to make the difference between one-fourth 
the total friction of engine and one-twentieth, or even less. But it 
rarely happens, I think, that the balancing device is satisfactorily 
and permanently reliable as actually operated by the average 
attendant. Either of these methods is good when well carried 
out, and their combination is very probably still better; but the 
system here used has the advantage, apparently, of giving certainty 
and permanence of useful result. If it suddenly opens an enor- 
mously large port, holds it open until it is time to close, and then 
promptly shuts off steam from the evlinder, a valve motion iust 
necessarily give some considerable increase in power, and probably 
visible econoniy, as compared with the older forms. It requires no 
experimental proof, and trial is only needed to settle the question, 
How much is gained? The Walschaert system which is the basis 
of the Strong gear, so far as the initial part of the kinematic chain 
is concerned, has been long in use and with good results abroad. 
and I have no doubt will do well bere. Isee no reason to doubt 
that the arrangement, as a whole, will prove a good one. 

The data and results of test here discussed seem to me, all evi- 
dence being given due weight, to indicate that the engine has not 
only merit, but, in important directions, great superiority. I do 
not remember to have elsewhere seen as good distribution of steam, 
as large cards and high power from equal cylinder capacity, and 
the economy shown appears to me excellent. Especially for a 


| 
‘ 


THE DISTRIBUTION OF STEAM IN THE STRONG LOCOMOTIVE. 637 


service at high speed, and with heavy trains, I should expect this 
machine to prove valuable. The design appears to me sensible, 
ingenious, and well contrived in all main points, and I do not see 
any reason to anticipate any special difficulties arising from its 
peculiar features. It can hardly be denied that the prompt admis- 
sion, high steam line, sharp cut-off, clean expansion and good ex- 
haust with low back pressure, secured here, are advantages; the 
magnitude of those advantages may be questioned, and it is trials 
like those of Mr. Coon and others which must finally decide whether 
they are sufficient to pay for the slightly increased cost of the new 
engine, and the special disadvantages, if any, which the innova- 
tions of Mr. Strong may be found to introduce. 

Mr. Geo. 8. Strong.*—I hope that Mr. Dean will have an oppor- 
tunity to write a supplement to his paper, embodying results from 
data collected by himself in a test of No. 444, which I hope to 
have him conduct when she is in a condition to test, which was 
not the case when she was tested by Mr..Coon. 

This engine, like all first attempts in making so radical a de- 
parture, had some defects, both in design and construction, the 
most serious of which was the workmanship of the boiler. This 
defect caused leakage, which interfered with the efficiency of the 
boiler, caused the use of a small exhaust nozzle, and thus excessive 
back pressure, which was detrimental to her performance. The 
steel valves which were used, but which have since been displaced 
by cast-iron ones, leaked. 

The defects of the boiler have been remedied by putting in our 
latest improved fire-boxes, having a welded junction piece and 
Adamson joints, instead of lap seams, and the tubes have been 
provided with copper ferrules where they had none before. These 
changes enable the engine to steam freely with a very large nozzle, 
and thus to diminish the back pressure. 

I hope the test referred to will be made when pulling heavy 
express trains on a nearly level road, where long runs can be made 
with but few stops. This will enable us to eliminate elements of 
uncertainty to a great extent, and avoid the wastes of coal and 
water by blowing off, which are unavoidable after passing the top 
of a heavy mountain grade. 

There are many parts of Mr. Dean’s paper which are worthy of 
careful study, especially those relating to early release and early 


 * Added after adjournment. 
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compression, as these are matters which are but little under- 
stood, even by many well-informed engineers, many of whom 
believe them to be desirable qualities without regard to clearances, 
port areas and the action of the valves, A friend of mine once 
announced to me that he was going to build a small locomotive 
with four valves, steam and exhaust independently worked, just 
for the sake of settling the question of the amount of compression 
necessary for smooth working, and the absence of pounding when 
running fast. LI informed him that he need not do that, as we 
were building large ones which would settle the question, This 
we have done, and it does not require an expert to determine the 
amounts of compression for different speeds and points of cut-off. 
The ordinary engineer quickly acquires this knowledge, and han- 
dles his engine accordingly. 

As to one speaker’s criticism of Mr. Dean’s paper, and the data 
collected by Mr, Coon, it is quite evident from his remarks that he 
has not made himself familiar with the Strong valve gear. The 
accompanying diagrams (Figs. 341 to 345) of the qualities of the 
link gear as designed by Mr. Reuben Wells, formerly of the 
Louisville and Nashvilie R. R., and now superintendent of one 
of the largest locomotive works, which was presented to the Mas- 
ter Mechanics’ Association, at Niagara Falls, in 1882, for the pur- 
pose of comparing the link motion with a type of radial gear {then 
under consideration], show very clearly what a good link motion 
will accomplish. Similar diagrams from the Strong gear are 
shown (Figs. 846 to 352), These diagrams refute the statements 
concerning release, compression and card areas, unless he meant at 
a cut-off at 20 inches, at which point the link does not show its 
defects. Both gears are all right as starting gears, but the com- 
parison should be made with reference to their qualities as expan- 
sion gears, 

It will be seen from these diagrams that with the link motion 


the earliest cut-off is at 44 inches, when the exhaust takes place at 
144 inches, thus getting 10 inches of expansion. The compression 
at the same time begins at 143 inches on the return stroke, or the 
engine is compressing on one side of the piston and exhausting on 
the other. 

Now, let us imagine an engine carrying 160 pounds of steam, as 
in the case of the Boston & Albany engine, and suppose her to be 
working at 44 inches cut-off, and that there was a perfect admissivn 
without wire-drawing. At the point of cut-off she would have 
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160 pounds of steam, and it would, at the time of exhaust, consider- 
ing clearance, have expanded twice. If it were not for wire-draw- 
ing the exhaust, this steam would be sent into the atmosphere at 
60 to 80 pounds, with the result of pulling the fire out of the fire- 
box. The link motion cannot exhaust at this pressure, because the 
steam is wire-drawn at the admission, the cut-off, and at the ex- 
haust. It isa miserable makeshift for high pressures and high 
speeds when considered as an expansion gear. 

Now let us consider the other (Strong) gear at its earliest cut-off, 
as per these diagrams and by Fig. 188. It will be seen that the 
admission commences very soon after the exhaust valve closes, and 
as the port edge is very long (viz., 46 inches against 16 inches on 
an ordinary engine), and the lead , inch, the pressure is fairly up 
to boiler pressure. While there is some wire-drawing, it is not 
great, and the high-pressure steam is expanded well down to the 
atmosphere, and then exhausted at 224 inches, instead of at 144 
inches, as with the link motion, the terminal pressure being 20 
pounds, instead of say 70 pounds. It all went out on 14 inches, 
instead of 94 inches. On the return stroke it was compressed 
through 34 inches, instead of 94 inches, as with the link. 

One speaker refers to the appearance of the cards and says: “I 
submit that the Boston and Albany diagrams have a more pleasing 
effect to the eve than those taken from the other engine.” I would 
remark that there is no accounting for taste, but taste has but little 


to do with such matters. Engineering is an exact science, every 


quantity is capable of exact measurement, and assumptions are not 
in order, 

As to the attempt to show flaws in Mr. Dean’s figures, and dis- 
crepancies in Mr. Coon’s report, it should be remembered that it 
is much easier to find fault than it is to do faultless work. 

The attempt to make comparisons of the Boston and Albany, 
and other engines, is unfortunate, as the former burned select bitu- 
minous coal, and the latter “run of the mine” anthracite. I am 
willing to substantially place engine No. 383 against any other 
existing anthracite fuel-burning engine of the ordinary type, with 
the expectation of a saving of no less than fifteen per cent. of the 
fuel. 

In regard to the ratios of actual water consumption, and the 
consumption as shown by the diagrams, there is no stationary prac- 
tice to compare these performances with. Experts have probably 
never tested a 4-gridiron-valve engine, making a piston speed of 
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800 or 900 feet per minute, with a boiler pressure of 165 to 170 
pounds pressure. 

Such « test will reveal surprises to anybody, as cylinder conden- 
sation becomes a matter of small importance, and leakage cannot 
occur with a tight piston and gridiron valves. 

The point made by Mr. Mattes is a very important one. 

Mr. W. F. Dean.*—1 distinetly made an effort to substantiate 
all of the claims which I made in my own name for the Strong 
locomotive, and when those claims could not be substantiated it 
was noted. The principal debaters have pretty generally conceded 
the points which I made, and admitted in a general way the superi- 
ority of a four-valve locomotive. When writing the paper I was 
aware that the quoted results on the B. & A. R. R. tests showed a 
smaller consumption of coal, water and steam than was realized by 
the Lehigh Valley engines. Knowing, as I did, that bituminous 
and anthracite coal consumptions by locomotives should never be 
compared, I gave but little thought to the coal matter. In regard 
to the consumption of water and dry saturated steam, I could 
only suppose that the easier work which the B. & A. enyine had 
to perform enabled it to be run more advantageously, —[t developed 
much less power than the Lehigh Valley engines. 


One of the speakers in commenting on the relative coal consump- 


tions of the B. & A. and L. V. engines, says that comparisons of 
bituminous and anthracite coal consuinptions, while not proper, are 
suggestive. I cannot admit that they are even suggestive, and in 
support of this, 1 append quantities which represent the relative 
performances. of a Delaware and [Hudson Canal Co.’s locomotive 
(No. 185), which was tried upon the B. & A, R. R. in the summer 
of 1883, and B. & A. engines Nos. 137 and 169. No. 185 was a 
19” x 24” anthracite coal burner, with the typical long fire-box, and 
the B.& A. RR. Co. desired to ascertain the practicability of using 
hard coal burners for their express passenger traflic. No. 185 was 
attended by a fireman from the D. & H. C. Co.’s line, who had had 
experience with anthracite coal. All three locomotives were used 
in the same kind of service. The following table, which was given 
to me by the late Mr. Colby, master mechanic of the B. & A. RR. 
at Boston, shows how badly beaten was the hard coaler : 


* Authot’s closure under the rules. 
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Miles ron perton of Pounds of c¢ per Cost of fue 
2,000 lhe 


No, 185 29 67.07 2,600 #0,2369 


No, 169 38.60 5,000 0.1851 


No, 137 57 85.09 5, 956 0.1230 


No. 185 


was built by the Dickson Manufacturing Co,., of Seran 
ton, Pa. 


In this ease the fuel consumption was nearly two to one in favor 
of bituminous coal. 


I was once in possession of figures, pointing to the same conelu- 
sion with reference to the locomotive “ William R. Robinson.” of 


the Boston and Providence R. R. This engine was originally a hard 


coaler, but was afterwards converted to a soft coaler. In 188% 


Ol 


thereabouts, I examined some performan e sheets of the Pennsy] 


vania Railroad, and was struck with the great coal consumption by 


locomotives on the New York Division, over those on the next 


west division. All passenger locomotives on the New York divis- 
ion burn antliracite coal of the best quality. 


The quantities given in the table do not, of course, represent the 
different calorific values of the two coals, but there is an unavoid- 
able waste in connection with the use of hard coal on a locomotive 


at the end of the trip. Another cause of waste in the use of hard 


coal is the fact that most of the companies using it produce their 


own coal, There is, in consequence, no need of economy in its 
use, 


[am whoily at a loss to understand on what consideration the 


statement is based that in the Strong engine there is early release. 


The diagrams do not show it, and certainly the fact is ayainst it. 


’ 


If the release was a little earlier at a high speed, it would be better. 


It was also stated that the compression begins too early in the 


Strong engine. Table C., following, shows that it does not. The 
indicator diagrams apparently show at high speeds that compression 
begins somewhere near [but later than] the middle of the back- 
ward stroke. This is due to wire-drawing the exhaust as it tries to 


escape. A link motion locomotive at high speeds often, for this 
reason, When closing the exhaust at 8 or 9 inches from the end of 
the stroke, apparently begins to compress at 15 or 18 inchee from 
the end. 
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In working up cards, this point cannot be too carefully remem- 
bered. 

That the link motion has the defects of early release and early 
compression is apparent from Tables A and B following. 

One of the debaters seems also to think that the back pressures 
of the Strong locomotives are excesgive. I showed in the paper 
that they are much lower that those of link-motion engines work- 
ing under the same conditions. 


TABLE A. 


TABLE OF THE DISTRIBUTION OF STEAM IN LAUDER ENGINES, 0. C R, CYLINDERS, 
18” x 24”, 
Lead. Cut-off. Release | Exhaust Closure 


Notch, Front, Back. Front. | Back. | Front. . | Front Back 


20 
18 
16! 


ou 
= 


| 

| | 2043" 
| 


z 


Center 


— 


TABLE B. 


TABLE OF THE DISTRIBUTION OF STEAM IN CLASS ‘‘P” ENGINE PENNSYLVANIA 
R. R. CYLINDERS 18}"' x 24,’ 


| | 
Notch, | Cut-off. Release. Exhaust Closure.| Port Opening. 


Full Gear. 234" | 

13 168 
15 9 
104% | 


i 
| 
: | i 
203; | $\2 
| 183 | 54 
| | ah | 144 | 159, | i 
| 8 2) | | 18) 
4 
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TABLE 


TABLE OF DISTRIBUTION OF STEAM IN STRONG LOCOMOTIVE, 24° STROKE 


| 


Lead — Exhanet Port 
Notch. Conetant Cut-off Relean ‘ eure.* Opening t 
Latest cut-off 19 99 2 ] 
4 stroke 12 991 9 
' 
Mid-gear.... 44 221 or 223 2) or 3} 


The quantities in the tables show that the Strong gear is not 
troubled with premature exhaust nor with excessive compression. 

In comparing the port openings of the Strong engine with those 
of the Pennsylvania engine, it should be remembered that the ports 
of the latter have a length 93 per cent. of the diameter of the 


eylinder. Reducing the openings of the Strong ports, given in the 


9 32 


table, to this basis, the figures would be respectively 14%", 
and }}" 

A charge is made that I treated the B. & A. unfairly in com- 
paring cylinder capacities by taking a card from it which had an 
earlier cut-off than that used from the Strong engine. If this is true, 
it is because I did not possess the original of the B. & A. card, and 
was obliged to use the reproduction of it from the Lailroad 
Gazette. A distinct effort was made not to lay myself open to 
this charge. In determining the point of cut-off from the card, 
the point of contra-flexure was taken, as near as could be deter- 
mined. The same speaker also says that in making such compari- 
sons cards should be used having boiler pressures, speeds and points 
of cut-off the same; I should say having initial pressures, speeds 
and points of cut-off the same. 

With reference to wire-drawing 


the cards show that in the 
Strong gear the first part of the steam line is full, but that there is 
great wire-drawing toward the point of cut-off. The tables just 
given show that the port opening is slightly in excess of that of the 
link motion, and the cards show that this difference is effective. 


*(Can be closed as early as desired up to 10 inches from end of stroke, but the 
quantities given are those preferred. The change is made by moving the ex- 
haust lever in the cab, 

+ Reduced to an equivalent port, having a length equa) to the diameter of the 
cylinder. 
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With reference to the inconsistencies of the tables of which com 
plaint is made, they are more apparent than real, Certain repre- 
sentative cards were selected and very carefully worked up, and 


the average powers deduced from them ought not to be considered 


the average powers of the engines. The cards selected stand solely 


on their own merits. As for the ratios of 95 and 97 per cent. 
between the actual water consumed and the steam accounted for 
by the indicator, they are incorrect doubtless for the reason given 
by Mr. Barrus. In the notes which I used no record is given of 
the time during which the throttle was open, and therefore of the 
time during which the engine was developing power, 

Mr. Coon’s method of measuring the water was admirable. and 
could not be improved, except perhaps by checking the results with 
one or two water meters, The actual water consumptions as given 
in the tables are only valuable in comparing engines Nos, 883, 444 
and 357 with each other, the same method having been used with 
each engine. The water consumptions should not be compared 
with those of the B. & A. engines. 

With regard to my statement that all balanced valves leak, it is 
based first upon figures from an actual test of a pumping engine 
by an able and well-known expert. The engine was equipped with 
one of the best known halancing devices. A test without the 
balancing device gave 15,000,000 ft. Ibs. greater duty than with 
the device. Secondly, | have often heard another “ very success- 
ful” balanced valve flutter in service, showing unmistakably that 
it leaked badly, and this was admitted to me by the inventor, 

Ido not consider the tact that a balanced valve is tight on a 
cylinder with the heads off when the engine is still, proves any- 
thing, because nothing is happening to disturb it, There is no jar 


and no compression, and there can be steam only on one side of it. 
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CCCY 
RIVER PRACTICE OF THE We 7 
BY M. WHEELIN 


(Member of the Suck 


Turkey is nothing, at least within the knowledge of the western 
oat which has been so ibject to divers criticising 
various experiments in attempted betterments, as th) WERE)! 
steamboat. The term is generally employed in design iting the 
water craft found upon the Ohio and Mississ pp) rivers. The 
criticisms come from engineers—both steam and marine—who 
have had their experiences with craft of oth r character, and 
erally the experimenters are found w ithin the ranks of those who 
become * practical? men bY reason of their having passed more 
or less time “ running on the boats.” 

The navigation of euch etreains ae the Ohio and Mississippi is 4 
problem ¢ ntirely distinct ; only average results can he x pected ; 
hoate must go and make something near schedule time. whether 
the de pth of water in the channel is 30 inches or 3O feet, so that 


the first desideratum is minimum weight and maximum power 


with all possible displacement of hul! per each unit of immersion 
at all in keeping with anything like sliape. 

In boats designed for combined freight and passenger business, 
the hulls are constructed with all the lightness ir any way con- 
sistent with safety against falling to pieces, and the machinery must 
have smal) diameter of cylinders and boilers. and consequently 
must be designed for high steam pressure, 

Probably no single feature of the engine has received 60 much 
unfavorable criticism as the lever valve gear; while in reality it is 
better fitted for the requirements of the service than any other, 
aud in support of this statement it may only be necessary to cal] 
the attention of our engineers, who are of the opinion that the 
method is very crude aud primitive, to this: these boats are very 
raftlike, limber; overloading at any point wil! distort their shapes ; 
“tight on their chains,” when without load; “slack on their 
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chains ” when loaded; so throughout the process of loading and un- 
loading, one or the other effect constantly going on; unequal condi- 
tions as often occur; these in turn perceptibly vary the distances 


between the center of the main shaft and “ rock shaft.” Now the 
lever valve gear allows this variation without seriously affecting 
the timing of the valve movement ; no other form of valve arrange- 
ment gives this very necessary quality of stretching. The writer 
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was at one time employed to place on a side-wheel boat a pair of 
engines 24” diameter, 48” stroke, slide valve. The valve gear was 
very carefully made and adjusted; a stationary link with shifting 
block was used ; engines indicated with excellent results; angular- 
ity of connecting rod even was adjusted—something probably 
never before undertaken on a boat of like class, On first trials, 
and after going into active service, these engines gave every satis- 
faction, but soon began to cut capers, refused to “ handle” prop- 
erly, hung on centers, and would not “ back,” particularly when 
the momentum of the boat wason ahead. An examination showed 
serious derangement of the valve timing, due to incorrect length 
of eccentric rods. A readjustinent of the rods relieved the difficulty, 
but it became necessary to make changes in the lengths of the 
rods almost daily, covering a period of about 90 days, when, the 
river becoming too low, the boat retired from service. Upon the 
resumption of navigation some 40 days later, the engine would not 
turn over until a radical adjustment of the rods was made, and 
when corrected they were found to be in nearly their original 
position, and the total change of the length of each rod was 1 
inches, the distance from the center of main shaft to the link being 
about 14 feet. This was an exceptional case ; a combination of cir- 
cumstances, a very light boat, the link suspended just at the point 
where the greatest variation occurred, made it so; but it shows what 
may and does happen to such valve gears applied to the class of 
boats under discussion, Gradually through the past ten years, 
side-wheel boats have diminished in number and tonnage, and 
stern-wlhicel boats have increased (Fig. 271). At best, any of these 
wooden boats are perishable, and the vast difference in first cost 
and the cost of maintenance of the side-wheeler over the “ wheel- 
barrow ” boat, has determined investments in favor of the latter, 
and while to outside appearance the stern-wheel boat of to-day is 
identical with that of twenty years ago, it is only so in that par- 
ticular. The method of hall and joiner construction is much the 
same. Models have materially altered and have carried with 
them or perhaps been caused by broad changes in the application 
of the rudder or steering arrangements. 

This article, therefore, will be confined entirely to the stern- 
wheeler, as representing the most successful and recent practice. 

Fig. 260 indicates in plan the water lines of a recent light-built 
boat; Fig. 262 half bodies, and Fig. 261 side elevation showing 
shear lines, ete.; Fig. 263 is a fore and aft section of a part to show 
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Fia. 265, 


inethod of fastening, proportion of timber, ete., in the hull; Fig. 
264, a cross-section through one of the frames, 
Fig. 265 is from a photograph of hull on the stocks. In connec- 


tion with the figures, the following table of specifications indicates 
full dimensions : 
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PLAN SHOWING WATER LINES. 
Fig. 261 


ELEVATION SHOWING SHEAR LINES. 


= 


HALF BODY AT STEM 


HALF BODY AT STEAN 


HALF CROSS SECTION THROUGH ONE FRAME 
i—Keelson Bulkhead 

m—Stanchion in Hold 

n—Floor Strakes 

o—Bilge Keelson 

p—Konuckle 

e—Outrigyver for Guard 


} 
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FORE AND AFT SECTION OF A PART SHOWING TIMEERS IN HULL. 
a-a-a Deck Beams, 
bb Boiler Beams, 
c& d Top Clamp 2 pieces, 
e-¢-e Hull Timbers, 
Side Strake, 

g Main Keelson 4 pieces. 

Floors 

=Bottom Plank. k Deck, 


t—Fovting for Braces 


Fig. 260 i 
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Length, 180 feet. { 
Beam from out to out of frame, 33 feet. 
Depth at lowest place in wing, 4} feet. 


Floors 33’ x 6” centered on 14” forward to 2} x 6” centered on 
16” aft. 

Main keelson, 5” x 10” made of 4 pieces 25 thick x 5”, 

Bilge keelson, 3” x 7”. 

Top clamp, 20” deep. j 

Side strakes, 2” x 8. 

Floor strakes, 2" x 6”. 

Keelson bulkhead, 1}” thick. 

Deck beains, 3” x 6” centered on 24” x 28°. 

Deck, 2” thick. 

Stanchion in hold, 3" x 47,2 x 4” and 3” x« 3”. 

Boiler beams iron with wood filling. 

Outriggers for guard, 30” long. 

Bottom plank, 34” — 3” and 24” thick, fore to aft. 


Knuckle, 5” thick. 

Wale top strake 1)” thick filling 2” and 25”, 
Knuckle full bolted — 3 bolts — 3” iron. 

Bottom plank, 3” bolts. 


Floor strakes bolt to every third timber. 

Main keelson every other timber. 

Footlings 8” x 9” run through to receive heels of main and relief 
chain braces. 

3 Balanced rudder stocks, 8” x 8’, blade 3” thick with shoes. 

Tillers, 3)" x 6° to 4", 


MACHINERY. 


2 Engines 164” diameter of cylinder x 64 feet stroke. 
N | Wheel 20 feet diameter; 15 buckets — 22 feet long. 
1 Doctor. 
Steam capstan with double engine. 
2 boilers 30 feet long, 47 inches diameter ; each with 6 — 10” fines, 
with mud and steam drums, check and safety valves. 
Hand deck pump, ete. 

The preferable material in woods for hull construction are the 
white oaks, of West Virginia, weighing from 60 to 65 pounds per 
cubic foot, with a tensile strength of some 12,000 pounds per square 
inch of section, and some 2,500 pounds to their elastic limit. The 
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woods for joiner work and bulkheads, yellow poplar and white 
pine; the joiner work is very light and “flimsy,” but when proper- 
ly fastened makes a very satisfactory shelter. All the cross and 
fore and aft bulkheads are about } inch thick connected by a mun- 
ton in order to stiffen them; the munton is vertical, and the bulk- 
head is assisted also by a strip 14” x 14” on which one end of bed 
slats rest. The decks are also very light; main deck 1)” to 2)" 
thick, depending on the class of boat ; the cabin floor, or boiler deck 
as it is called, 7’ thick ; and the roof of the cabin or hurricane deck 


5 


S" thick ; the latter decks are made of tongue and grooved lumber 
secret nailed. 

The advances made in construction and methods have been al- 
most entirely in small things, but make an aggregate result of some 
importance. 

Much larger tonnage is propelled with greater speed ; some fuel 
economies have been made, and the cost of operation and main- 
tenance largely reduced; the boats are more manageable. Not so 
very long ago it was a great exception to find a boat capable of 
turning around, or of getting away from shore when strong winds 
were blowing. Now almost any of them go with slight delay. 

Probably the most radical change from old forms is the disuse 
of wing rudders attached to skegs at the stern. Figs. 268 and 269 
represent what was for a long time the standard method, for three- 
rudder boats, two wing rudders and one balance rudder; when the 
number of rudders was increased, one or more balance rudders was 
added, but the wing rudders and the skeg you had always with you. 
The best practice of to-day discards the wing rudder entirely, using 
only balance rudders, never more than four, usually three, and oc- 
casionally two, depending on the beam and other dimensions of 
the hull. When the balance’ rudder was first employed, that por- 
tion of the blade projecting forward under the “stern rake” (when 
fitted close to the bottom in the neutral position of the rudder) pre- 
sented in its operation a constantly increasing space between the 
blade and bottom of the boat as the rudder advanced to its extreme 
position on either helm; this space was objectionable, because like- 
ly to catch drift and so “foul the rudder;” also because it was 
thought the opening diminished the effectiveness of the rudder. In 
order best to relieve this trouble, the builders of the time spiked 
blocks of wood against the bottom plank, being careful to have the 
blocks thick enough, and then reduced them to a shape discovered 
by hanging a skeleton rudder in position and traveling it as they 
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Fig. 267 


TRANSOM AND RUDDERS. 


Fig. 266 3 Balance Rudders 


ELEVATION SHOWING STEAN RAKE AND 
METHOD OF HANGING RUDDERS. 


Fig. 268 


Fig, 269 


BUSTLE STERN. 
1—Balance Rudder 
Wing 
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eut; this was technically called “ building a bustle on”; it did not 
last, however, very lung—something like fifteen years—until some 
one lost to history discovered it possible to form the frames or 
floors composing the stern to the desired cone shape and dispense 
with the blocks of woed; this was a great stride and soon became 
the rage, and was termed “building a bustle in.” It is the prac- 

. tice to-day of those designers who think there can be no improve- 
ment. 

Coeval with this practice was the use of a very short and steep 
rake to the stern of the boat, insisted on because it was popularly 
supposed to increase the bearing of the hull and induce a conse- 

, quent lighter draft, as well as better to sustain the weight of the 

wheel and machinery, which on the stern-wheel boat was neces- 

sarily at the stern end. It is only in recent years that probably a 

better conception of the laws governing the propulsion of such 
| boats has induced retirement of the wing rudders, and a longer 
r and more acute stern rake. The two are closely connected, be- 
cause primarily the measure of the propulsion of the boat in either 
direction is the measure of the resistance of the body of water 
moved by the wheel in the opposite direction. Now the wheel 
must be supplied with new water as fast or faster than it displaces 
it, so that when the boat is being moved ahead, if the shape re- 
tards a free delivery of water to the wheel, a very bad application 
of power results. 

In the “bustle” form of stern, the appearance of the water 
when the boat is moving is very favorable, often smooth and 
clean and without breaks between the wheel and stern rake, as 
sd well as around the outside of the hull, and many consider this 
a surtace condiiion to indicate proper shapes; however, a chip or 
block dropped into the water alongside of the boat, some 30 feet 
from the stern, will usually go under the boat in its effort to get 
to the wheel, while the shape indicated in Figs. 266 and 267 throws 
the chip or block off from the side. 

These boats depend entirely on rudder power to govern their 
movements in steering, and this can only be done by creating a 
current on the rudders, so that when the wheel is used to move 
the boat astern and at the same time it is desired to deflect the 
stern sideways, it is the water delivered from the wheel and 
passing under the boat which makes the force on the rudder. When 
the rake of the stern is steep, the water from the wheel is banked 


against the end of the boat, and reacts upon the rudder, causing 
42 
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the frequent deflection of the stern in the opposite direction to that 
desired. In adopting designs for stern shapes, as shown, and mak- 
ing that shape the reverse of the bustle, it is still possible to pre- 
serve an approximate contact between the forward rudder-blade 
top and the bottom of the boat. This is secured by discarding the 
old method of setting the rudder post and pintle square with the 
keel-line, substituting a position at right angles with the plane 
presented by the rise of the rake at the station met by the under 
blade ; so that the pintle and rudder stock and post pitch forward 
from aright line with the keel, and rudders other than the center one 
pitch also sidewise to meet a right line with the thwart-ship dead 
rise of the bottom at the same point; therefore none of the pintles 
are in the same plane, and a ball joint is used on the tiller to con- 
nect the coupling bar common to all of them. A further guard 
against fouling the rudder action is in the opening left between the 
top of the rudder blade and the bottom of the hull, whereby any 
drift forcing in is soon relieved by the enlarging opening. The 
success of this plan has proven that the idea insisted on to have no 
current pass over the blade was a mistaken one. 

The models for forward body or bow form are usually subject 
as much to the character of the craft as anything else. Fora freight 
boat loading heavy weight on the forecastle, a shape very full in 
harping, adds increased bearing as the load increases, and at the 
same time allows sutticient cutting away in the first two feet to 
properly balance the boat when in light trim. Boats used exclu- 
sively for towing may be sharper in order to properly load with 
fuel carried almost exelusively amidships. The best general shape 
seems to be that in which well-defined rising lines are found, so 
that the displacement is made downward rather than sidewise. 
This increases buoyancy when the hull is driven hard, and holds 
the head of the boat up against burying; while the wall-sided 
forward model seems to account for cases where the same hull 
with larger driving power developed, actually showed a decreased 
speed. 

The writer hopes at some near time to present to this Society 
the results of some careful experiments on shapes, made from 
models driven with a paddle-wheel, exactly as the practice is, 
considering those experiments made with models drawn through 
the water by strings attached, ete., as valueless, because the appli- 
cation of power is the determining factor. The best model for a 
canal boat, drawn by horses from the towpath does not determine 
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the best model for a boat driven by the action of a wheel upon the 
water. 

In the Steam Engineering Department, the rules of the U.%. 
Board of Supervising Inspectors of Steamboats, adopted in 1873 
work radical changes in construction. These rules, about coincident 
with the introduction of steel boiler plate, based the allowable 
working pressure of steam upon the tensile strength of the ma- 
terial. Now a large steam pressure is the great desire of every 
boatman’s heart, and at once the greatest tensile strength obtain- 
able was demanded. Seventy thousand pounds was generally 
adopted, but in some few cases 80,000 pounds was attempted. The 
amount of carbon, however, required in such plates at that period 
of steel-plate development, produced some very unsatisfactory re- 
sults, and the further action of the supervisors requiring a re- 
duction in area of at least 50¢ for 78; plate has brought the com- 
mercial product down to about 65,000 tensile strength. Many 
reflections are cast upon the plan of boiler and furnace in use on 
the boats under discussion ; and no donbt to the outsider, who never 
stood over a steam boiler with 200 to 225 pounds pressure on it all 
day, the forms used seem very crude and wasteful of fuel; but the 


fact remains that while many radical changes have been proposed 


and attempted, the result has generally been a speedy return to the 
accepted form. In the first place a furnace construction which 
will generate 90 or 100 pounds of steam-working pressure with 
the greatest fuel economy, will not generate 180 to 200 pounds with 
the greatest fuel economy ; in fact, it usually will not generate the 
last pressure at all. Change of form is absolute, and ordinarily that 
form of furnace which make the desired result with the least manip- 
ulation gives the best economy. The plan of boiler most in use 
is the externally fired return-flue type, shell 40” diameter, 24 feet 
long, two return flues 13 inches, sometimes 14 inches diameter; 
shells #5, thick, flues #9; or 4, when made in rings 24 inches 
long; rivet holes drilled, and longitudinal seams double riveted. 
This boiler receives certificates from the Government inspectors, 
allowing for 70,000 T. S.,a maximum working pressure of 182 
pounds being one-sixth the ultimate bursting strain of the shell; but 
nothing has yet been devised to prevent the operators from exceed- 
ing this limit, and 200 to 225 pounds is frequently maintained. 
There is always a disposition to do a little more work, particularly 
with tow-boats. The numerous pier bridges and dams placed in the 
river in later years incite preparation to meet the demands in 
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“running” them, and nothing comes nearer doing this than a 
“wad” of steam at the proper time. Fifteen years ago, with iron 
boilers of no defined tensile strength, 160 pounds was big steam. 
Now the facts are as stated. The evaporative duty of these boilers is 
about seven pounds of water per pound of coal,and when compared 
on a basis of the foot pounds of work done per pound of fuel, show 
favorably with any water craft. The demand made upon boilers 
using the water of these silt-bearing streams is very heavy, and im- 
poses conditions under which other forms, although possibly of 
better fuel duty, fail in points of service and steadiness. Much 
indirect harm is done by a requirement of the supervising inspect- 
ors, that a water space of at least 3 inches should be preserved be- 
tween the flues and shell, and between the flues themselves. Pre- 
vious to this enactment, about 1} inches of space was the practice. 
The men who made these boilers had always used a 14-inch flue in a 
40-inch shell, and they knew no other proportions. As a consequence, 
in order to comply with the new law, they raised the flues in the 
shell sufficiently to secure the required 3 inches of water space, and 
thereby vastly diminished the steam space, as well as curtailed the 
surface for the elimination of the steam. There is one other form 
of boiler almost as popular as the “ double-flued.” The shell, 42 
inches diameter, contains six 8-inch flues, in two rows of three each, 
the one flue immediately above the other. This gives easy access to 
every part for cleaning and repair, and steams very well. One such 
boiler 18 feet long, 210 feet heating surface, 20 feet grate surface, 
is supplying two engines 10” diameter, 48” stroke at an initial pres- 
sure of 170 pounds. The engines indicate an average of about 170 
horse power, and fuel consumption is 500 to 600 pounds per hour, or 
a result of 3 to 3} pounds of coal per H.P. per hour. Several cases 
of compounding have made a better result than this, but always at 
greater first cost, large additions in weight and cost for maintain- 
ance, and have generally been succeeded by direct high pressure in 
the next boat built by the same owners. The large increase in 
working pressures of late years has demanded greater strength in 
the machinery and fastenings, and also in the hull construction, 
but the increase in weight has not been proportionate to the in- 
creased power developed, and the service has thereby been im- 
proved. Thechanges in valve gear have not been extensive. ‘The 
plan shown in Fig. 270 has been introduced, and is meeting with 
some favor. In this valve gear the effort has been to retain the 
good qualities of a “cam” movement and improve the results of 
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its action. In the ordinary “lever” gear, four valves—two re- 
ceiving and two exhaust—are employed to each engine; two en- 
gines attached to a common shatt at 90°; two cams are used to each 
engine—one full stroke, one cut-off. When the engines are in full 
gear the full-stroke cam operates four valves, raising one exhaust 
and one receiving valve at opposite ends of the cylinder at the same 
moment. This one cam does all the work in both full-gear motions 
of the engine, and is therefore in its neutral position when the 
crank is at its dead point; the cut-off is engaged after the full gear 
has given headway to the boat, and is used only in the forward 
motion, This arrangement necessarily precludes any cam position 
securing either an early exhaust opening or early closing of the 

opposite valve. Some partial remedy to the consequent poor action | 
has been found by blocking the exhaust lifters, so securing a ’ 
somewhat earlier exhaust, but likewise a later exhaust closure; so 
that with the cam in neutral position, and the crank on its dead 
point, both exhaust valves are partially open. When in full gear 
operation, a slight blow through arises from this condition ; but after ) 
the cut-off is engaged it disappears, because the opening movement ) 
of the cut-off cam is much slower than the full stroke. 

Fig. 270 indicates a recent gear employing two full-stroke cams— 

one for each motion—and set positioned for the usual lead, ete. ; . 
also a cut-off cam to each engine. The drop in the lifter of re- 


ceiving valves allows the lead of exhaust cam to operate the exhaust 


valves without effecting the receiving valve until the proper time. 
The cut-off cam is also advanced, and its cut-off point adjusted to 
meet the altered position. 


The tonnage of western rivers is increasing, and also the num- 


ber of passengers carried, and the future demands seem to point to 
the adoption of composite boats using steel frames, etc., but wooden 
skins. 


DISCUSSION. 


Mr. A. F. Nagle.—Can any one answer the question whether 
they are using compound engines on these river steamers ! 

Mr. J. F. Wileoxr.—I can answer that to a limited extent. 
Some years ago the firm of A. Hartupee & Co., of Pittsburgh, 
equipped two boats with compound engines. One of them went 
to New Orleans, and it afterward went to some South American 
river. The fuel there is all carried to the rivers from the Gulf 
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ports or England. The experience with that engine was not a 
favorable one down there. It was for a short while; but being 
away from any ports where repairs, etc., could be made, she was 
finally discarded and thrown out of service. The other boat 
made one trip to Memphis, and after that, ran up on the Missouri 
River and was burnt. The history of the subsequent use of com- 
pound engines upon the Western rivers is full of interest, and as 
I have access to much of the data pertaining to it, will prepare a 
paper in time for our next meeting. I disagree with Mr. Sweeney 
in one thing he says—* Various experiments have been attempted 
towards the betterment of this condition of things.” With the 
exception of some trifling alterations in matters of pumps or 
boilers there has been scarcely anything done for twenty years 
for Western river boats. Captain Eads, when he built half a 
dozen monitors, did more for the Western rivers than any other 
engineer, but with his departure from that branch of industry 
there were but few, like Mr. Sweeney and Mr. Hartupee, who 
gave the matter thought. 

Mr. Wm. Kent.—In regard to tle compound engine on West- 
ern rivers, I saw a boat equipped with a compound engine at 
Memphis about four years ago. I think it is the boat Mr. Wilcox 
referred to as having been sunk. 

With regard to the Western river boats of the present type 
described in the paper, I think that they are monuments of the 
worst engineering that is to be found in this country. If you 
consider the purpose of engineering, as the marine engineers do, 
to get maximum economy of fuel, to get precision of workman- 
ship, to get great power in small space, then the Western river 
boats are as far away from it as they can possibly get ; they are 
terribly expensive in fuel; they are very cheap ; they are clumsily 
constructed ; they have a stroke six times the diameter of the 
cylinder; they have very slow stroke and great condensation of 
steam, and everything else that is bad. But when you consider 
the conditions under which they work, it may be considered that 
they are good examples of engineering, in that the boat is adapted 
to the need for which it exists—that is, to transport from Pitts- 
burgh to New Orleans, with the greatest economy of labor and 
repairs and first cost, the very cheap products sent down that 
river. Fuel is of no consequence whatever. They get fuel possi- 
bly at about a dollar a ton at Pittsburgh, the current helps them 
down the river, and they are in no hurry to get back, because the 
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whole investment in plant is very small, and the barges they tow 
down to New Orleans are frequently broken up, and they have 
to come up light. What they have to do is to get across the 
sand bars and mud bars on a very light draft of water; con- 
sequently they have boilers which are liceused to carry 175 
pounds of steam presure, and in case of necessity they put 
a tierce of lard in the furnace and a nigger on the safety valve 
in order to get over the obstruction. But the ordinary questions 
that come into engineering, such as economy of fuel, do not come 
into Western river practice, and are scarcely ever thought of. 

Another point in which they are peculiar is that these boats 
have to run on less water than boats anywhere else in the world. 
They are said to run on a light dew. If you requested Messrs. 
Cramp & Sons, for instance, to design a boat which. should be 
very cheap in first cost, which should ran on the cheapest labor 
possible, and which should run on a light dew, I think they would 
build pretty near the Ohio River boat of to-day. I think some 
day there will be a radical change in the construction of these 
river-boat engines, such as putting in screws instead of paddle- 
wheels ; but, if you stick to the end wheel you now have, it is 
necessary to have a long-stroke engine, and to have high pressure 
in the boiler, and with the character of engineers, they have 
engines that can be tinkered with a monkey-wrench, and made 
to run somehow. 

Mr. W. S. Logers.—I want to put in a plea for that river 
steamboat. I ride on it oceasionally ; | do not want to, but I do 
(laughter). Mr. Kent probably is not aware that the Western 
steamboat man has ‘a more discouraging time of it than the 
marine engine owner. Our Western steamboat man gets a steam- 
boat from the builder and starts a very nice trade, and some 
fellow shoots a railroad right alongside the river. Now there isn’t 
anybody building railroads across the Atlantic (to compete with 
the marine engine), and you can improve the modern steamer to 
go faster and do better, but the railroad man just knocks all the 
competition and ambition out of the steamboat man. So he just 
lives along and does the best he can until the boat rots, or some 
other fellow comes along aud buys him out. He will take you for 
a dollar and a half, and if you cannot pay a dollar and a half, he 
will take you for fifty cents and board you. He does not say he 
will take you there in six days, but he will tell you he will get 
there. I do not think screw propellers can be used, on account of 
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the sand bars. But give that steamboat a show and let her alone 
(laughter). 

Mr. H.de B. Parsons.—The subject of this paper is one of very 
great interest. I think there are many places where great improve- 
ment can be made. In dealing with the problem of designing a 
vessel that can be driven at comparatively high speed in shallow 
water, the great difficulty arises from the shallowness of the 
water. By shallow water we mean water that is less in depth 
than the length of the wave which would naturally form under the 
existing conditions. ‘The length of wave is generally proportion- 
ate to the speed of travel, other conditions being equal. Now a 
boat of the type that is now described is probably the only type 
which could be used with any sort of favor. The vessel clears on 
what are called her buttock lines. The water does not flow in at 
the stern from the side, but rather from underneath, and in con- 
sequence there is a liability to produce a severe drag or suck at 
the stern. From that cause the position of the wheel at the 
stern is the most favorable point, because it is working there in 
the water which is dead or nearest dead, and a boat of this char- 
acter will always be most efficient when the point of application 
of the power is in that dead water; that is, water traveling along 
with the speed of the vessel. There is another point in the 
steering : the author said the boat steered much better when they 
cut away the bustle form and adopted the new type, thus redue- 
ing the drag water. Mr. Froude, in England, gave some very 
beautiful experiments exemplifying this point for the British 
Admiralty. The author also says that “ overloading at any point 
will distort their shape; ‘tight on their chains’ when without 
load ; ‘ slack on their chain’ when loaded.” | 

Now it is very easy to calculate for all cases of loading, the 
character of the strains, and where the strains will come. Then 
place your hog frame so as to resist these strains, and your hog 
frame, I think, may be very lightly built and yet be very efficient 
in resisting any distortion of the lines when loaded, or partially 
loaded, or light from the original design. The author also speaks 
about speed in relation to power. If you attempt to drive one of 
these shallow boats in shallow water at a speed greater than that at 
which it is meant to go, the power will increase very rapidly, and 
also if you happen to strike a little shallow water you will find 
that your boat will require a great deal more power, and it some- 
times brings in curious figures that way which look a little con- 
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flicting. That is to say, you are developing more power at one 
point, and you are getting in return less speed; but that is prob- 
ably due to difference in the depth of the water at the place. 

Mr. Geo. M. Bond.—It might be well to mention here that the 
English have, within a few years, adopted this type of steamboat 
for transportation on the river Nile, having a stern wheel and a 
long-stroke horizontal engine for the motive power. It is practical 
enough for that service to warrant them in using such a type. 
They are made with iron frames, but otherwise are practically the 
same type as the Ohio and Mississippi river boats. 

Mr. Wim. Kent.—There is one thing to be considered in regard 
. to the Ohio River steamboats in contrast to ocean steamers. An 

ocean steamer is such an enormously expensive thing that you 
have to provide steam machinery at each end to load and unload 
it. The investment is so great that we must economize time to 
the utmost. But in designing a Mississippi or Ohio steamboat 
you must count on that boat being laid off for a whole month on a 
sand bar, or bank, waiting for the water to rise, and everything 
must be designed with reference to the time of service of the 
boat—the number of weeks in the year that she can run. 

Mr. Horace See.—1 think the designers of the original American 
river steamers, both East and West, displayed great engineering 
skill, in that they had to adopt a design suitable to the material 
and facilities on hand to build the hulls and machinery with. In 
the East, having nothing but wood with which to build the hulls, 
they had a weak vessel, and one which readily altered its shape. 
The same state of affairs existed in the West. Tle working-beam 
engine was adopted in the East, on account of its flexibility, as 
was the horizontal long-stroke side and stern-wheel engine in the 
West. The alteration in the shape of the hull did not interfere 
with the proper working of these engines, where a rigid form was 
out of the question. In the East we have been able, on our deep 
rivers, to introduce the screw, which is rapidly displacing the side- 
wheel steamer. I wou!d not be at all surprised if in ten or fifteen 
years there would not be a single side-wheel steamer built in the 
East for general navigation. In the West, on account of the shoal 
rivers, it is a different and more difficult question about the gen- 
eral adoption of the screw propeller for driving a boat. Thorny- 
croft has adopted the guide-blade propeller for light craft, and 

some of his boats are running in twelve inches of water. He 
employs one, two and three screws. By multiplying them, a great 
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deal of surface can be obtained with very light draft. The propel- 
lers are run up to 500 or 600 revolutions a minute. The slip of 
the screw is very great, being as high as 50% in some cases. 
Several boats propelled in this way have been built for the naviga- 
tion of the rivers of Africa. The great difficulty in the way of the 
general adoption of the guide-blade propeller is that it has to be 
run.in one direction. Backing has been attempted by deflecting 
the current of water in the opposite direction through the medium 
of a movable tube. This is a little trappy, and | think has not 
been very successful. 

Mr. Kent. —Your suggestion leads to a new design for a river 
boat, which I will give to the Society. It is to place a row of four 
or five, or half a dozen Westinghouse engines, each one driving a 
little propeller. You can run either one or the whole six of 
them—the whole plant, with Westinghouse engines and propellers 
attached, would be very light. Each engine should be placed 
directly at the stern, with the propeller sticking out of the end of it. 

The President.—That is the design which Mr. Thornycroft has 
in using 2 number of propellers. He is not limited to the number, 
so that they will stretch across the stern of the boat. 

Mr. Minot.—I would like to ask Mr. Kent if he does not think 
the inside of a man’s pocket has got something to do with building 
the Western river steamboat ? 

Mr. Kent—No, sir; not at all. Some of these men in Pitts- 
burgh who build boats are very wealthy. The richer they are the 
worse boats they build. 

Mv. Minot.—I have never seen a boat of this type on the Hudson 
river. As Prof. Sweet has said, good things cost more than poor 
ones. I am firmly of the belief that it is to get something for 
nothing, or to get something pretty cheap. My advice to a man 
who wants to sell something pretty cheap is to go west. 

The President.—I think you mean low-priced by cheap. 

Mr. Minot.—Yes; I mean low priced—costing a small amount of 
money. The idea is to get a dollar for about sixty-two and a half 
cents. It used to be the case several years ago that you could do that, 
but you cannot do it so well now. I do not believe that this type 
of river steamers is the thing that it ought to be. Now, it may be 
a lack of engineering, or it may be the size of the man’s pocket 
that owns the steamer. They count on getting down to New 
Orleans and possibly getting back ; if they don’t, there isn’t much 
loss. 
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Prof. Woodward.—I wish to say, Mr. President, in regard to 
the line of advancement of river Lavigation, so far as it comes 
under my observation, it lies in changing the whole scheme. 
Instead of having large steamers which carry passengers and 
freight and the like, so far as the traffic between St. Louis and 
New Orleans is concerned, the tendency is toward a strong but 
small tug and large barges. That tug usually runs with propellers 
and they have considerable depth of water—from eight to ten 
feet. Of course the plan is to have a small boat, which is merely 
a tug, and let it take from eight to twelve or fourteen barges, each 
with a ship-load of grain. That is the way freights are carried 
from St. Louis to the sea. Formerly those barges were knocked 
to pieces at New Orleans and used for lumber, but of late years 
they find it cheaper to make a good barge and bring it back 
empty. Passenger traffic on the river is at a very low ebb. 

Mr. C.W. Livermore-—I1 was going to remark that some years 
ago I had experience on a man-of-war, making a passage from 
New Orleans to Vicksburg; and one of the most serious diff- 
culties we had in navigating the river, was to keep the stern 
bearing in a tight condition, the mud working through would grind 
it out. I suppose that difficulty is always found where a screw is 
used. 

The President.—Steamers that sail between New York and New 
Orleans encounter great difficulty in the stern tubes from the sand 
which will work in when running in the Mississippi; but they 
have got over a great deal of the trouble by introducing a stuffing 
box or flexible dise to prevent the sand from working in when 
backing. The sand is stirred up and thrown into the stern bear- 
ing, which it cuts out very rapidly. 

Mr. Livermore.—1 recall very well being on a mud bank for 
something like a week, and we had very serious difficulty indeed. 
The sand would get in in spite of us. : 

The President—Some pump the water to supply the lignum 
vite bearing—that is take in clear water to drive the sand out. 
But that would be a very difficult thing to do on a long voyage in 
a dirty river. 

Mr. Livermore.—It is impossible to get it on the Mississippi— 
at certain times—it is impossible to get clear water at all. 

The President.—I think it is very well that the paper has 
been presented at this meeting to be incorporated in the proceed- 
ings of the Society, as so very little has been published that is 
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authentic about the Western river steamboat. I think it is mat- 
ter of considerable historic value, as there will be a time when the 
present Western river steamboat will pass away and we will want 
some record of it. There may be something before long found to 
take its place—-some other form of construction. 

Mr. Wilcor.—There are two things about Western river steamers 
I have not heard mentioned here; but they are very important 
items. Take the large tow-boats that carry a tow of coal from 
Pittsburgh to New Orleans. For quite a portion of the time the 
engines are running backwards, the wheel is then to the front. 
When they come to the curves, of which there are a continual 
succession from Pittsburgh to New Orleans, they stop the engine 
and swing around with the current until they get sidewise. As a 
general thing, the bend is too short for them to get completely 
around and they back up stream to gain time, so as to enable them 
to swing around and face the current. When they come to pretty 
bad curves, the pilot will send down for all the steam t! e engineer 
can give him. 

The President.—They are licensed to carry 175 pounds? 

Mr. Wilcor.—They will swing around with the current and after 
they get facing for a short stretch, he will put on his cut-off, if he 
has got it, and economize his steam. Take the eval yards and 
wood yards running from the mouth of the Olio clear down to 
Natchez and Baton Rouge. They have these little propellers; 
they will hitch on a barge to the steamer and unload the coal 
without the steamer landing. But the ice and drift-wood in the 
river is continually breaking the propellers. I have known boats 
in a trip to Natchez or Baton Rouge having to land twice to repair 
propeller, and finally being towed into port. With a stern wheel 
boat having a paddle on, three to three and a half inch oak they 
frequently carry quite a little wood-yard of spare paddles, and it 
is a matter of a few minutes to put on a new one. A boat that 
will go down the Ohio River at the time the ice-drift is running 
has little left of her wheel but splinters. 

Mr. Parsons.—Is that the case when the boat runs bow first ? 
Are they as liable then to lose the paddle? 

Mr. Wilcow.—They are liable to in all cases. A piece of drift- 
wood will float underneath the boat and get in among the paddles. 
There is another feature, speaking about a railroad running along 
the side of the river and taking the trade away—the railroad has done 
worse than that. They put their bridge piers up without proper 
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regard to the necessities of the river traffic. By earnest effort the 
limit has been fixed, I believe, at 600 feet span ; I think that is the 
correct figure. But previous to that they were putting up piers 
without much regard to the direction of the current, may-be right 
at the middle of a bend, where a man with a tow that is a quarter of 
a mile long cannot get around. The result is two or three of the 
forward barges are smashed to pieces and the coal goes to the bot- 
tom of the river. 

Mv. Kent.—I believe it has been stated in the Pittsburgh papers 
that that transportation costs less than any other transportation 
in the world. There is no such cheap transportation as that of 
the Ohio and Mississippi rivers. 

Mr, Wilcox.—I1 have read somewhere that the registered ton- 
nage of the City of Pittsburgh alone, that is afloat on the Western 
rivers, exceeds the tonnage of New York and Philadelphia com- 
bined. You will find the reports of tonnage in Washington. Of 
course much of it is a mere barge tonnage. 

Mr. Minot.—I understand that that cheap transportation means 
down stream. They have got the current to carry them down 
there; it ought to be cheap. 

Mr. Rogers.—There is another point in regard to improving 
Western steamboats that has not been mentioned. It is the same 
that applies to years ago when they began to improve the locomo- 
tives. I recollect that when they put a pop-valve on the locomo- 
tive the engineer did his level best to condemn it. It was not as 
good as the old safety valve, because the duty was fixed, while 
with the safety valve, if he wanted 160 pounds of steam, he could 
stick a piece of wood between it and the top of the cab and get it. 
It is the same with the engineers on our Western rivers. They 
still stick to that old fogy idea. They want lots of machinery, and 
they have got it. Ido not know of anything on earth that has 
more machinery than an Ohio River steamboat. There is enough 
machinery in one of those engines to replace a shop full of steam 
pumps and to build all the inspirators that Mr. Warren could sell, 
But they want to get over that, and they need to be educated up 
toit. I think that our Western river shops will try to keep up that 
old idea, because the more machinery there is in a boat the more 
times they have to rebuild it. I have noticed that constantly. 
The more machinery there is in a boat the more work there is, 
and the more shops there are along the river, and the engineers 
stick to that old idea. They do not want an improved valve 
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motion. They do not want any improvement. Nothing will put 
rater into a boiler like that old upright walking-beam, grasshop- 
per sort of a steam pump they have. If you put in a nice quick 
method of getting water into the boiler, and getting it in evenly 
and heated properly, I think the first one will be a dead failure. 

Mr. J. F. Holloway.*—The paper prepared by our member 
from Wheeling on “River Practice in the West” is, I think, a 
valuable contribution to the annals of this Society, as well as to 
the engineering literature of the day. I am led to say so, for the 
reason that I believe that there is no department of engineering 
which, in comparison with its age and importance, so little is 
known about by the members of this Society, and the public in 
general, as is the one referred to by Mr. Sweeney in his paper. 
While the marine engine, whose birthplace may be said to have 
been in the workshops of Mandslay & Field, Wm. Penn & Sons, 
the Napiers’, and others in England and Scotland, has had its 
historians and illustrators without number, who, in books and 
magazines and technical journals, have described every possible 
form and design through which, in their slow evolutions, the mon- 
ster marine engines of to-day have been evolved, and who have, 
by drawings and diagrams, shown the minutest bolt and bar of 
which they are composed until the libraries of engineers and engin- 
eering societies are filled with costly and ponderous volumes. 
The engines and hulls of steamers whose combined tonnage years 
ago exceeded that of the steam marine of all the world, and which 
bore upon the bosom of the great rivers of the West a population 
and traffic which did more than anything else to open up the 
“ Great West,” has, so far as I know, no historian, and no printed 
literature which, all combined, would form one lonely book. 

Anotber reason why engineers are not more familiar with this 
class of machinery is, that the travel of the present is so largely 
done by rail that all they see or know of the river practice of the 
West is obtained by the hurried glances they give from the wind- 
ows of palace cars as they cross high bridges beneath which the 
river steamer is slowly passing, or as they whirl past them along 
the banks of navigable rivers. 

A further reason for commending Mr. Sweeney’s paper is, that 
it gives, though far too briefly, the reasons why Western river boats 
and engines are thus built ; and an examination of the subject may 
lead some, at least, to believe that the machinery still builu and 
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still in use there is not due to ignorance on the part of those who 
build them, or because they are not well informed as to the prog- 
ress engineering has made in other places and in other branches; 
but for the simple reason that both the boats and the hulls now 
in use on Western rivers, and which, in the main, are the same as 
they were half a century ago, are the best possible kind that can 
be made for that particular service. 

It was among my experiences to have lived for a few years on 
the “ Lower Obio,” where I had necessity as well as opportunity 
to know something of the “ River Practice of the West.” 

It was by no means a rare or novel experience to watch the 
movements and to hear the remarks of the “ Eastern man,” 
who, for the first time, surveyed with his critical eye the motive 
power of The Bald Eagle, or the Amarathe No. 2. Usually he 
came down from the cabin after dinner with a party of lady 
friends, who, relying upon his superior knowledge, had availed 
themselves of his guidance in order to know what it was that 
“made the wheels go round.” While the party were being 
led about by him, and had pointed out the wooden “ pitman” and 
the clumsy “T head,’ and were shown the ropes and traps for 
hanging up the loose, unused “cane hooks,” and were listening to 
his comparisons and his denunciations of the design and work- 
mauship of the machinery, which, with a wave of his hand, he con- 
signed to an oblivion from which, as he thought, it had much too 
long escaped, there was a small, greasy-looking man wandering 
about the space between the engines and the rear end of the 
boilers, jabbing now and then with a broom-handle (which had a 
string looped in one end) the hissing Mississippi gange cocks that 
sputtered in the rear ends of the boiler; varying the excision 
oceasionally by giving the throttle of the “doctor” a twist one 
way or the other. A close observer might have noticed that as he 
overheard the remarks made about his engine in particular, and 
the boat in general, his jabbing of the try cocks became more 
spiteful, and that he was himself getting up a pressure which, but 
for the presence of ladies, would have prompted an explosive 
reply on his part which would have been emphatic if not scientific. 
But the engineer of a Western river steamer always has at his 
command an arrangement by the use of which he can at all times 
drown argument and expostulation, and clear the decks as well— 
it is the “ mud valve ;” which, had it been shown in Mr. Sweeney’s 
illustrations, would, I am sure, have been marked with a “ big B.” 
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To any one who has traveled on an Ohio or Mississippi River 
steamer, loaded to the guards, and with the end of the blow-off 
pipe under water, and has heard the roar of a “ five-inch valve” 
jerked open with a lever, and has felt the hull, from stem to stern 
quake as if in a ague fit, as the steam and water, under a pressure 
of 280 pounds, was meeting the water under the guards, it is 
unnecessary to say that the lecture on engineering in this case 
was closed and the class scattered. When the unearthly roar and 
rumble had died away among the hills, and the hull had settled 
into its usual tremor and the scattered group had come together 
in the cabin and were wondering how many of the boilers had 
blown up, there came a moment of supreme triumph to our “ East- 
ern man,” when he said: “Oh! I would just like to have a North 
River steamboat or a Sound steamer here for a little while just to 
show these backwoodsmen what a steamboat engine is, and what 
it can do.” 

At the risk of being myself considered a “relict of the past,” 
I have no hesitation in repeating what Mr. Sweeney’s paper so 
well illustrates, that the steamboats of the Western rivers, in all 
their important appointments, are the outgrowth of long experi- 
ence, and careful experimeut, as fully and completely, as is the 
latest “ greyhound of the sea,” which represent in its design and 
workmanship, the highest attained art of modern marine engineer- 
ing practice. 

Any one will be greatly mistaken if he supposes there has 
never been any experimenting done with a view of changing or 
improving the machinery, now so universally in use on the West- 
ern rivers. I will venture to say that the first compound engine 
that ever turned a wheel on any water craft, was one made years 
ago for Clipper No. 3, and which for a long time plied between 
Pittsburgh and Cincinnati. “ Befo’ the Wa’,” travelers on the 
Ohio, will readily recall that stately and magnificent steamer the 
Jacob Strader, which was one of the mail boats between Cin- 
cinnati and Louisville, and which had a pair of inclined low press- 
ure engines; but which could only run when the river was on “a 
boom,” and which every dweller along the route looked upon as a 
dead failure, for the reason that they could not hear her exhaust, 
as she swept around the bends of “ La Belle River.” 

Mr. Sweeney by giving the dimensions of the boats, the size of 
the various timbers of which they are built, has given the best 
possible reason for the existence of the kind of engines to be 
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found in them. Any engineer who had placed before him the 
problem of holding a 500 or 600 H. P. engine, on a foundation 
consisting of 2} x 6” joist, set up on edge, and on the water, 
and could contrive a better plan than is now and always has been 
used on Western waters to do so, will accomplish a feat to which 
the affixing a 6,000 H. P. marine engine to a stiff, steel ship, forty 
feet deep in the hold, is a trifle. The arrangement, especially in 
light stern wheel boats, of using long wooden “ pitmans,” so as to 
string out the engine and its foundation timbers, to the utmost, 
so as to be able to notch them on to many floor timbers and thus 
obtain strength by multitude of the bearings, is very ingenious 
and must have been found out by some remote engineer, who, 
having heavy loads to transport over thin ice found that a long 
light ladder was the best means of obtaining support thereon. 

The reason given for the retention of the apparently crude valve 
gear was needed only by those who had never “ made the riffle,” 
on a light draft stern wheeler. 

The device shown in the drawings by which a swinging link is 
made to do service in reversing the engines on a “stern wheel 
boat,” is new to me, and Iam not prepared to say that it is in 
every way an improvement on the old way of handling this class 
of engines, although it must make the task an easier one. Just 
what the “old way ” of it was, I dare say, few members of the 
society know, and possibly I may be indulged in the time required 
to describe it. In the first place there were two long stroke steam 
cylinders with all their gear attached to one wheel shaft—one 
being on each side of the boat. Each engine had three hand 
hooks to manipulate in handling the same. One was a go-ahead 
hook, one a backing, and the other the cut-off hook. 

On some boats where the engineer was somewhat ‘ toney ” there 
were small wooden blocks hung on the “carlines” under the 
cabin floor and over the engine, in which were rove cords, and as 
the lower block was fast to the “gab hook” it could thus be 
raised off the rocker pin instead of being “ grabbed ” by hand and 
lifted the usual way. In the center of the boat and between the 
two steam cylinders was the screw throttle valve. This valve, 
which was at the end of a very long steam pipe, was placed on a 
small truck or carriage, which having under it four wheels and a 
pair of rails to run on, was thus freely permitted to move back 
or forward to suit the different lengths of the cold or expanded 


steam pipe, or the still more uneven movements of the hull. In 
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all machinery there is to be found some part over which it would 
seem the designer had lingered lovingly, and the “ finisher” had 
parted from with regret. On the Western river engines this 
particular piece de resistance was the screw throttle valve, or more 
especially its crank handle and columns. The throttle valve was 
of the type now so commonly exemplified in a general way by the 
globe valve and its hand wheel; but it would seem that the person 
who first designed the throttle of the West, had started out with 
the idea that a lever made of a long bar of iron would open the 
valve most easily, but having so made it, he found there was not 
room enough in which to turn it around, so he then was struck 
with the further bright idea, that by crimping up the long lever 
into all sorts of curves, reverse and otherwise, he could get the 
handle so it would turn in a small orbit, while at the same time 
he would have the advantage of the long lever ; and so ingeniously 
has he introduced bends and curves into it, that one would have 
to look at it a good while before he was satisfied that he had not 
accomplished both results in one. It will be proper to add in 
this connection, that the lever and handle of the throttle valve, 
and the piston rods are about the only polished parts of a river 
engine. The status of a Western boat is always governed by the 
number of boilers there are on it, and beginning with the most 
plebeian craft with its two boilers, it ranges in varying degrees up 
to the noble and impérious floating palaces, which years ago, with 
their ten or twelve boilers and corresponding crew of musical 
firemen, were in use, and whose gaping furnaces and monster 
chimneys canopied with thick volumes of dense smoke, served to 
form a picture once seen was ever to be remembered. On the 
small boat, one engineer aided by “a cub” was expected to 
handle the engines; and I presume it was a recollection of see- 
ing the panting, perspiring engineer rushing from one side to the 
other of the boat, snatching the “ gab hooks” from off the rocker 
pins, dropping them on the floor, picking up others therefrom 
and hooking them on, to which was added short excursions to the 
throttle valve, while over his head the music of what seemed all 
the bells ringing at once was increased by volleys of emphatic 
English that came tumbling from out the speaking trumpet, that 
induced Mr. Sweeney to introduce a swinging link that would enable 
the engine to be handled from the center of the boat. A link would 
seem to be an improvement in this respect, but so far it has only 
been used on the smaller classes of connected engines. 
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I have not given this subject the careful consideration and dis- 
cussion it deserves. I have only in a general way endeavored to 
correct the very common opinion, especially in the East, that West- 
ern river boats and their machinery are relics of crude engineering 
which somehow have so far escaped the attention of modern engi- 
neers, and which have not for some reason or other partaken of 
the spirit of improvement which has so marked all other branches 
of engineering. 

I hope what I have said will induce the “ Eastern man” not 
only to give both hull and engines more careful consideration, 
but that he will have a more charitable judgment for the men 
who, without means, and with the aid of but few tools, built up 
and inaugurated on the borders of newiy discovered rivers, and 
in the wilds of the West, a “river practice,’ which succeeding 
generations with their wealth of money and of acquired informa- 
tion have not been able greatly to improve. 

Mr. John M. Sweeney.*—The discussion on this paper demon- 
strates to me more clearly thau ever, how little understood are 
the actual requirements for this class of navigation among other- 
wise bright mechanics and marine engineers of undoubted ability. 
The question is one that can only be decided upon the merits of 
a class or plan of machinery bearing upon the whole result. 

Nothing is more natural than to conclude that compounding 
would at once give the better results, and just such attempts have 
been made, and I believe intelligently. Mr. Hartupee, of Pitts- 
burgh, was a great advocate of the application, and built perhaps 
twenty river boats compounded; two of them are still in service, 
the steamers John A. Wood and Jos. B. Williams. The owners 
are progressive men, alive as can be to any saving in cost of 
their output, but these men have not and would not make another 
such investment, because the greater weight, more cost of main- 
tenance and repairs overbalance any saving made in fuel. 

It is quite as natural to assume that screw propellers would give 
greater economy. Now let us see what the stern wheel tow boat 
does ; it is urged that because the current does the work of down 
stream transportation, any machinery can do it cheaply. It is 
ordinary service to transport 8,000 tons down stream 650 miles in 
60 hours; the current averages about 3 miles, so the load of 8,000 
tons is transported through an equivalent of 470 miles of still 
water in 60 hours with a fuel consumption of 64 tons. No screw 
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propeller could accomplish such work, because simply it could not 
steer the tow and keep it out of the bank, neither could it carry 
its own fuel. The great saving quality of the stern wheel boat is 
its ability to twist the tows into proper shapes to meet irregulari- 
ties of the channel and bends, banks and bars in the course. 

Several methods to secure high piston speeds of engines have 
been attempted; the engines have been geared to the water 
wheel shaft in every conceivable way, belts, friction, link chains, 
spur wheels, etc., but they have all ended by coming back to 
direct attachments, the preference being to long strokes for the 
purpose of higher piston speed at given revolutions of tle water 
wheel. There are no propellers used on the Mississippi River for 
towage excepting for harbor purposes when they have one or two 
coal boats to change in their berths. In the matter of strains to 
be met in the chaining of these boats, it is not the known strains 
which make any trouble, but it is the unknown ones. Such strains 
as are encountered when the boat runs on a bar, or is badly loaded 
or unloaded; that is, during the process the freights are not 
properly distributed. It is a great mistake to imagine that the 
machinery used is costly in repairs, or that “shops” conspire to 
make repair bills. I have in mind a boat now running four years, 
and the whole bill of repairs to machinery has been two and one- 
half dollars ($2.50). 

I cannot close this discussion without a word for the much 
abused steamboat “doctor.” I agree with Mr. Rogers entirely on 
the safety valve question and as to the average capacity of the 
Western engineer, but I have spent time and money trying to 
knock out the “doctor” with Worthington and other pumps, and 
have always been too glad to get back to the “ doctor” for help out 
of the trouble. I know of no method which puts water into a 
boiler as quickly or as hot. The same applications of reasons 
which induce the supply of feed water into a locomotive boiler 
without heating it from the exhaust—that is, the “ expediency ’’— 
must be followed in considering all individual cases. 
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WIRE ROPE FASTENINGS. 


BY WM. HEWITT, TRENTON, N. J. 


(Member of the Society.) 


Havina had occasion to make some tests of the strength of wire 
rope recently, the difficulty encountered in obtaining fair results 
suggests a consideration of the relative merits and defects of the 
fastenings, of which two distinct kinds are employed; one, the 
splice and thimble, Figs. 275 and 276, and the other by socket, 


THIMBLE SPLICEDIN 


roinary style. 


Two styles of splices are used: one (Fig. 275) in which the wires 
after being frayed out at the end, and the rope bent around the 
thimble, are laid snugly about the main portion of the rope and 
securely fastened by serving or wrapping with stout wire; the 
extreme ends which project below this wrapper being folded back, 


THIMBLE SPLICED IN. 


Strands Interlocked. 
as shown ata. The other style (Fig. 276) is by interlocking the 
strands in the usual manner of splicing, and also wrapping with 
wire as in the first method; the latter mode of fastening possess- 
ing the greater strength. 


LOOP SOCKET. 


The socket (Fig. 277) is a block with a conical hole in which the 
rope is secured by fraying out the wires at the end to conform in 
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shape with the conical form of the aperture, the interstices be- 
tween the wires being filled up with spikes or nails, which are 
driven in as tightly as possible, and the whole finally cemented 
with molten Babbitt metal. This is a much neater fastening than 
either of the preceding, but as usually made, does not possess 
anything like the strength. In the first tests, the specimens were 
secured by means of thimbles spliced in at the end, as in Fig. 
275. The objection to this mode of fastening, is the thimble. 
This is usually made of a piece of curved metal bent around into 
an oval shape, as shown in Figs. 275 and 276, with the groove out- 
side in which the rope lays, and the ends coming together in a 
sharp point at x. In the tests, one extremity of the thimble 
usually wedges itself beyond or past the other, cutting one o1 
more of the strands, and the rope almost invariably breaks in one 
of the splices. This difficulty with thimbles led me to try some 
experiments with sockets ; notwithstanding the fact that Mr. N. 
O. Olsen who conducted the tests, and who had made many tests 
of wire ropes, had repeatedly stated that no satisfactory test of 
a wire rope could be obtained with this style of fastening. More- 
over, as Mr. Olsen’s statement was somewhat of a surprise to me, 
and as this style of fastening, I believe, is most generally applied 
in elevators and hoists of all kinds, the matter struck me as of 
sufficient importance to be worthy of some investigation, if for no 
other purpose than to determine the holding power of the fasten- 
ing. The tests corroborated Mr. Olsen’s statement, as in every 
ease the rope pulled out of one of the sockets under a load vary- 
ing from one-half to three-fourths of the breaking load of the 
rope. ‘The wires pulled out so clean from the Babbitt metal in 
which they were imbedded, and under such varying loads, that the 
defectiveness and insecurity of this mode of fastening was very 
apparent. Itis a style of fastening so much neater than the other, 
however, and so much more desirable a way of securing the test 
specimens in order to obtain a fair test of strength of the ropes, 
that the matter seemed to be worthy of further experiment ; and 
having occasion to test a cast steel rope 14 inches in diameter, a 
sample was prepared with a socket at one end of the following 
construction: The wires, after being frayed out at the end, were 
bent upon themselves in hook fashion, the prongs of some being 
longer than others, so that the bunch would conform as nearly as 
possible to the conical aperture of the socket, and the melted 
Babbitt metal finally run in as usual. The other end was provided 
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with a thimble spliced in as in Fig. 276; the splice, however, 
was not made long enough, and the strands pulled out under a load 
of 129,320 pounds. The length of the splice was about 18 inches. 
The wires in the socket were unaffected. 

As it was important to obtain a good test of this rope at the 
time, as soon as possible, and as some doubts were entertained as 
to the holding power of the socket, notwithstanding it withstood a 
load of nearly 65 net tons, the next sample was prepared with thim- 
bles spliced in at each end; the thimbles in this case, however, being 
wade from a solid piece of metal much heavier than usual, and 
circular in shape. Five strands broke in one of the splices, and 
the other pulled out under a load of 142,800 pounds, which was 
considérably below the estimated strength of the rope, indicating 
that the strand which pulled out had borne no portion of the load. 

The next rope tested was one of cast steel, 2 inches in diameter 
with a wire center or core. As it is difficult and unusual to splice 
thimbles in ropes of this size, and as the last experiment with the 
socket was so encouraging, the test specimen of this rope was pre- 
pared in a similar manner. The wires were so coarse and stiff, 
however, that it was difficult to lay them snugly and compactly in 
the socket, and the wires pulled out of one of the sockets under a 


load of 228,400 lbs. (Fig. 278). About twenty of them, however, 
parted in the socket, the piece taken from the socket presenting 
the appearance shown at ¢ (Fig. 278). 

Another specimen of the same rope was then prepared as fol- 
lows: The wires were frayed out and bent over as before, with 
the exception of those in the core, the latter being surrounded 
with a narrow conical thimble or annular wedge, which was driven 
in tight, forcing the wire of the exterior strands firmly against the 
socket. The core wires were then bent over like the others, the 
center filled with some fine steel points, and the molten Babbitt 
metal finally poured in. Instead of using ordinary loop sockets, 
however, loop stirrups were employed (Fig. 279), which were 
secured in the testing machine by shackle pins three inches in 
diameter. In this case the wires in the socket, with the Babbitt 
metal, in which they were imbedded, pulled out about three- 
quarters of an inch, and the rope then broke under a load of 
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266,250 pounds. Fig. 279 illustrates the appearance of the speci- 
men after fracture. 


The U of the stirrup, which was made of a bar of mild basic steel 
24 inches diameter, was also slightly cracked at / on the inside of 
the bend, due to the fact that the bend was made too sharp and 
opened in coming toa seat against the shackle pin. This rope was 
made of the Trenton Iron Company’s special cast-steel wire, and 
was composed of 6 strands, each 19 wires, surrounding a core also 
of 19 wires, the average tensile strength of the individual wires 
per square inch being 190,000 lbs. 

Other data are as follows: 


Diameter of each wire .................. 0.187 inches. 
Lay of wires in the strand............... 6 

Lay of strands in the rope............... 123? = 
Length of rope between sockets.......... i 


The aggregate tensile strength of the individual wires amounting 
to 372,400 pounds, it appears therefore that the strength of the 
rope was 714% of this figure. 


Another mode of attaching the socket (and perhaps a better 
one) is that shown in the accompanying sketch (Fig. 280). 

The socket is bored out to the desired conical form and fitted 
with a shell or bushing S, wade in three pieces, and provided at 
the small end with a screw thread. The wires at the end of the 
rope are frayed out, but not to such an extent as in the preceding 
case, and bent back against the body of the rope, some of the 
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prongs being longer than others in order to produce the desired 
conical bunch or head, which surrounded by the shell S is in- 
serted in the socket ; the construction being such that the threaded 
portion of the shell projects below the socket sufficiently to ac- 
commodate a nut 7, by which the shell is drawn tightly into the 
socket, thus firmly clamping the wires. Molten Babbitt metal can 
finally be poured in if necessary. 


Fig, 281 


WINDING SOCKET WITH WIRES TURNED BACK OVER CONE -- SECTION OF COKE. 
Cc’ 


\ 
SS 
a Fig. 282 


WINDING SOCKET WITH WIRES TURNED BACK OVER CONE -- OUTSIDE ViEW OF COPE. 


= — 


Fig. 283 


A socket which meets with much favor in Great Britain is illus- 
trated in Figs. 281, 282 and 283. 

The sockets are forged in one piece, the eye being afterward 
bent in. The rope to be socketed is first served with annealed 
wire from the point a to the point 4 (see Fig. 282). The rings 
ec, c, ec are slipped up over the rope in their respective order 
followed by the conical-shaped block d. ‘The rope is then frayed 
out from the end of the serving, and the wire ends are so trim- 
med in layers that when they are bent over the block cone 
d they will lie smoothly and regularly on its outside surface. 
The eye of the socket-forging is heated red-hot and bent over the 
rope and closed on an anvil. The rings c,c’, c’ are then driven 
home to their respective places. To prevent the slipping of the 
rings, the metal of the socket is generally upset against them with 
a cold chisel. 

For still further security, the socket is then poured full of Bab- 
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bitt metal in the usual way. An improvement suggested by the 
preceding socket, which I have described, is to cut a thread on 
the lower end of this socket and force the rings up to and main- 
tain them in their respective positions by a nut which would close 
the small end of the socket ; a light gas-pipe sleeve being fitted 
between each ring. 

I regret that the data in connection with these tests are not as 
complete as might be desired, so that a more interesting compari- 
son of the results could have been made in regard to the strength 
of the ropes, but I doubt if such data would have developed any- 
thing more than was determined by the experiments of the Board 
appointed by the Navy Departmeut in 1876 for the purpose of 
making certain tests of iron and steel wire and wire rope. The 
report of this Board states that “one specimen of each kind of 
rope was tested with a splice on one end. It was not observed 
that the splice was weaker than any other portion of the rope.” 
Nothing is said, however, as to the manner of securing the speci- 
mens in the testing apparatus. The report further states that 462 
specimens of rope were broken. Table E exhibits a record of the 
tests from 153 coils. The ratio of the breaking load of the rope 
to the aggregate breaking load of the individual wires for each 
size of rope was as follows: 
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The figures indicate that the ratio is greater as a rule in the 
smaller ropes, as would naturally be expected, since the wires 
being more pliable are laid under a more uniform tension. 

The following are a few of the first tests, in which the sockets 
were of the ordinary style. 
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{Thimble ) 

(spliced in § 

Swedish iron. = | 1 
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metal in which they are imbedded. 
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21,900 ‘* 


4 Cast steel, 12,930 * 


(Two strands broke in 
1 splice. 
In the body of the rope. 
In the body of the rope. 
Broke a one-inch pin 
- before rupture ; gave 
{way in two strands. 
Pulled out of socket. 


Mr.J. 7. Hawkins.—I would like to ask Mr. Hewitt, if in the course 
of his experiments in this matter he has ever, in the use of the 
conical sockets, known of a metallic union being made between the 
wires ard the soft Babbitt metal incorporated between the wires ? 
inserting, for instance, ordinary solder—-first putting in soldering 
fluid to make the union between the wires and the solder perfect, 
and raising the temperature so as to solder the whole together. 
I notice the paper in one place describes the wire pulling out from 
the soft metal or the soft metal squeezing out from the wire. 


Diameter Material. westenien Breaking Load. | Where Fractured. 
1 Cast steel Socket. 27,430 Ibs. ‘Pulled out of socket. 
1 ve | 4 rhimble ) 38.000 | Broke in top splice and 
(spliced in. § | / cut one strand at bottom. 
Swedish iron. = 22,430 At bottom thimble. 
22 390 |At top thimble. 
21.670 At bottom thimble. 
19,450 Cut at top thimble. 
~ me str broke i 
Cast steel. 28 870 {One strand broke in 
/ several places. 
Socket. 98,140 Pulled out of socket. 
14,299 Pulled out of socket. 


It 


occurred to me that in such cases it would be an improvement to 
make a complete union between the wires and the soft metal. 
Again it occurred to me, where that was not done, whether it 
would not be a good plan to finish out the interior cone of the 
socket so that in the slipping of the wire and the soft metal with 
it, it would be more likely to crowd the whole together and prevent 
the one drawing away from the other, having a certain angle to 
permit of that, and also whether the experiments have determined 
the proper angle for this cone. These all seem to me to be ques- 
tions having an important bearing upon this method. 

Mi. Hewitt.—So far as my experience has gone, I do not know 
of any different kind of union—any special union, such as Mr. 
Hawkins described, having been made between the wires and the 
The usual way in which that 
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is done in the shop is simply to pour the metal in after the wires 
are arranged in the socket. So far as the taper is concerned, I 
have never made any experiments to ascertain just what the best 
taper is. It would be an interesting thing to determine. 

Mr. Jacob Reese—Mr. Hewitt has given us some data which will 
prove useful. In the wire Suspension Bridge built at Pittsburgh 
in 1861 by the Roeblings, the smaller ropes were furnished with 
loop sockets such as are shown in Fig. 277 of Mr. Hewitt's paper, 
while the larger cables were attached to stirrups such as are illus- 
trated in his Fig. 279. The ropes were put into conical openings 
in the sockets und stirrups, the ends of the wires turned back and 
keyed, and the interstices filled with Babbitt metal. Iam informed 
by those connected with the bridge that not a single rope has 
pulled out since the bridge was built, but it must be remembered 
that the strain has not exceeded 50 per cent. of the tensile ability 
of the ropes. Mr. Hewitt has shown us what the results would be 
if the wires were subjected to their limit strain. I think his data 
on breaking loads and points of fracture are of the greatest value. 

Mr, Hewitt.—In regard to the taper Mr. Hawkins referred to, 
while I cannot give any accurate information on that point, as 
most of the sockets were patterned from existing models, yet I 
can state we have had difficulty with some sockets on a@count of 
the taper being too short. We found by lengthening the socket 
and narrowing the taper that it was a decided improvement. Our 
experience indicates that a long narrow taper is preferable to a 
short one. 
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THE DISPLACEMENTS 


AND THE AREA-CURVES OF 
FISH. 


BY HARRY DE B. PARSONS, NEW YORK CITY 


. (Member of the Society.) 


Four years ago, while engaged in studying the lines of fish, the 
author’s attention was drawn to the subject of this paper by 
noticing some peculiarities in one or two specimens examined. : 

On following the subject, as time would best permit, on account 
of the frequent interruptions from office life, the author now sub- 
mits to this Society the present paper, containing the results of 
his investigations. 

Although the following paper is not strictly mechanical, the 
author decided to present it to this meeting from the fact that 
Naval Architecture is so closely related to our branch of engineer- 
ing, that any information which would tend to advance our knowl- 
edge of that subject would also be of interest to the Mechanical 
Engineer. 

It is also intended to complete this subject in the near future, 
by making a comparison between the lines of fish and those of 
the best-designed ships of the present day. 

By the term “fish” throughout this article, unless otherwise 
stated, is meant that class of vertebrate animals which, swimming 
in water, have a “ fish-like” form. It thus refers in this sense 
not only to fish proper, but also includes some of the cetacea, as 
for instance the whale, dolphin, ete. 

At the inception of this investigation, the author’s attention 
was very forcibly attracted by noticing that the forms of certain 
fish bore to each other strong characteristics of resemblance, 
irrespective of their size or age, their habits or geographical 
homes. 

If this is true, namely that the possession of certain qualities of 
form is common to all fish, then this resemblance is not a mere 
accident of nature, but rather a gradual growth or evolution of 
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that form best adapted to the surrounding conditions of fish life ; 
and again, if this is so, then there must be a general law, to which 
all fish approximate, according to their pecaliar and individual 
requirements. 

On account of the dense medium in which fish live, and the re- 
sistance which it offers to motion, it is only just to consider that what- 
ever this law of nature may be, it willrepresent a form approaching 
that of least resistance for the work which it has to perform under 
the conditions which necessarily accompany it. Thus, we know that 
for any given length of body, the form must offer small resistance, 
while at the same time it must be of such a size as to contain 
the necessary muscular development either for the purpose of 
prey, defense, or swift propulsion; or for any combination of 
these characteristics. As an example, we may mention the 
salmon (Salino salar), whose native haunts are both the sea 
and swift-running streams, and is endowed with remarkable 
powers in comparison to its length, being one of the strongest 
fish known. 

Now, it is this Jaw which we shall endeavor to examine in the 
following pages : 

Fish are usually divided by ichthyologists into three parts—the 
head, the body and the tail. The head extends from the tip of 
the snout to just behind the branchiz or gills; the body is that 
portion included between the head and the tail, while the line of 
demarkation between these latter divisions is ill defined, and is 
sometimes taken at the vent. But all these parts are united and 
joined into one smooth, continuous form, and in this respect fish 
differ from other well-developed forms of vertebrates. 

Fish propel themselves by several different methods ; some, 
by sucking up and ejecting the water in which they are im- 
mersed ; some, by an alternate dilatation and contraction ; some, 
by increasing and diminishing the extent of surface presented, a 
principle similar to the feathering of an oar; while the largest 
and most important class, and the one which includes all the 
forms of fast-swimming fish, propel themselves by means of a 
caudal fin, to which they give a rapid, vibrating, curvilinear move- 
ment; and it is to this latter class that we shall limit our atten- 
tions. These fish are provided with other fins beside the one just 
mentioned, occurring both singly and in pairs, and are chiefly used 
for balancing and steering. The work of locomotion falls almost, 
if not entirely, on the caudal fin, and in consequence its muscles 
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are strongly developed, and are arranged along the spinal column, 
constituting the bulk of the animal, especially toward the pos- 
terior extremity, as will be shown later. With the cetaceans, as 
the whale, porpoise, manatee, etc. (included in this class with 
fast swimming fish on account of their fish-like forms), the caudal 
fin is rotated on its axis through 90°, but the principles of loco- 
motion remain unaltered, the fin acting vertically instead of hori- 
zontally, which materially assists the animal in maintaining its 
balance. 

The shape of the tail, or rather the caudal fin, differs consider- 
ably. In many cases these fins are very unsymmetrical or 
heterocercal, one lobe being more developed than its mate; but 
the great majority of fast-swimming fish of the present day are 
homocereal in this respect. We have noted the three divisions 
—the head, the body and the tail; and also that the line of sep- 
aration between the last two is not easy to anderstand. In this 
sense the word “tail” includes more than the caudal fin, and 
extends far into that portion of the fish which is ordinarily, 
though wrongly, spoken of as the body. This may be noticed 
very distinctly when we watch the movements of a fish in the act 
of swimming. Its tail, bent first on one side and then on the 
other, forms a curve which extends far up toward the middle of 
the form and terminates only at a point quite remote from the 
vandal fin. 

For the sake of studying the displacements and area curves, we 
shall conceive the fish as consisting of two principal parts, viz. : 
Jirst, the Entrance, including all of the fish from the tip of the 
snout to the position of the greatest area of cross section ; second, 
the Run, including all of the fish from this section to the tip of 
the caudal fin. These terms, as well as others that may occur, 
borrowed from naval architecture, are used in their original, 
meanings. 


The fish selected for measurement were all well-known species, 
most of them common to North American waters. Their names 
are given on the accompanying list, as also a note from what the 
measurements were taken. The initials N. M. stand for “ Na. 
tional Museum” at Washington. The last five mentioned are 
cetacea. 
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LIST. 


Measured from 


5. Pomatomus soltatrix N. M., No. 22,276 
6 Labrax lueatus (atriped Daas)... . Nature, 

8. Scomberomorus maculatus (Spanish mackerel) ....... ....N.M., No. 25,6385 
9. Scomberomorus cavalla (Cuban Spanish mackerel)........N, M., No. 16,478 
10. Oreymus thynnus (horse N.M., No. 16,509 
11. Coryphena hippurus N. M., No. 16,441 
19. Seriola damerili (amber N. M., No. 16,709 
18. *Tursiops tursio (bottle-nosed N. M. 

15. *Phoczena lineata (striped porpoise) ........ N. M. 

16. *Delphinapterus catodon (white whale).......... ....... N. M., No. 12,490 


. *Megaptera longimana (humpback whale)................ N.M., No. 13,656 


As will be seen, some measurements were made from models in 
the United States National Museum, Washington; one, the 
Salmo confinis, from a plaster cast kindly loaned by Mr. Eugene 
G. Blackford, of New York, while the rest were measured directly 
from nature and immediately upon the fish’s capture. In order 
to insure greater accuracy, only large specimens were chosen, 
when the measurements were made from models (except the Salmo 
confinis), and all the results reduced to a common scale, smaller 
than the smallest fish, as will be explained hereafter. 

The author desires to acknowledge his indebtedness to the late 
Prof. Spencer F. Baird, and to Prof. G. Brown Goode, for their 
valuable assistance in placing the models of the National Museum 
and of the Smithsonian Institution at his command. 

The measurements were made as accurately as possible, and, 
with two or three exceptions, by the author in person. The 
smaller fish were gauged by the use of callipers and a steel scale. 
Selecting sections at regular intervals and at right angles to the 
axis of the fish, measurements were so taken that the area could 
be plotted on paper, and then measured with a planimeter. With 
the larger specimens a system of projection was adopted ; that is, 
measurements were taken from each successive point on the fish 
to two planes of projection, at right angles to each other, but 
both parallel to the longitudinal axis of the fish. To illustrate, 
assume the model of the fish to be placed against the wall of a 
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room, with its longitudinal axis parallel to both the floor and the 
wall. Then the planes of projection would be the surfaces of the 
floor and the wall. 

sy the “length” of the fish is meant in “all” cases the “extreme 
length from the tip of the snout to the tip of the caudal fin.” This 
length was chosen as the most accurate means for comparing the 
fish, for it is not only the simplest, but any other method carries 
with it more or less elements of uncertainty. 

On referring to the curves of areas, we will now be able to 
compare directly the points of difference and of similarity. Each 
curve represents the “ curve of areas” of the fish as numbered and 
named; and the area represents the total displacement. The 
horizontal distance represents the length of the fish reduced to 
ten inches in the original drawings, from which the accompanying 
plates were reproduced, and the vertical ordinates, the areas of 
the corresponding sections. Each area of section was reduced to 
correspond to the scale length ; that is to say, what the areas would 
have been had all the fishes had an original length of ten inches. 
By using this small scale, all errors of measurement are reduced 
as much as possible, and we are enabled directly to compare one 
curve with another in deducing any conclusions. 

In vertical scale, each lineal inch represents one square inch of 
section. The curves represent the snout on the left hand, and 
the caudal fin on the right. 

In Table I. are given in square inches the “ scale areas” of cross 
sections taken one inch apart. For the Tetrapturus the length is 
taken from the snout to tip of the caudal fin, and not from the end 
of the bill, which protrudes 13 inches in advance. The scale 
areas of section were calculated for this length. 

The greatest cross section is represented by the dash and dotted 
line. 

44 
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TABLE I. 


Scale of areas of cross section in square inches. Ordinates for the curves, 


| 

. Salmo salar 
. Gadas pollachius -76)1.55 
Pomatomus soltator.... .601. 

soltatrix.. . .83/1. 
. Labrax lineatus....... 95/2. 

Tetrapturus albidus... .| .25,0.63 0.8% 

. Scomberomorus macu- 


Name of Fieh. | Ordinates of Curve of Areas. 


Caudal 
Fin. 


| Snout. 


-74/1.56 1.20 0.78)0.36 0.18 
.06 1.79 1.17 0.60.0.20 0.06! 
.21:1.64 1.05 0.600.28 0.18 
.96 1.60 1.12 0.68 0.30 0.20 
.44 1.11 0.67 0.29 0.08 0.02! 
.63 2.05 1.48 0.94 0.40 0.13) 
.83,0.59 0.40.0 25/0.12 0.03) 


.93)1. .20,1.10 0.84 0.40/0.18 0.04 
. Scomberomorus cavalla .90 1.16 1.20 0.96 0.68 0.32)0.138 0.04 
. Oreymus thynnus..... .10 2.23 2.96 3.18 2.56 1.41 0.600.20 0.04 
. Coryphena hippurus. . . 95/1. .10)0.81 0.40 0.15 0.08 0.08 
. Seriola dumerili 1.05 1.51 1.691.601 100.61 0.30 0.09 0.04 

3. Tursiops tursio........ .58 1.48 2.05'2.06 1.63 0.95 0.41 0.15 0.08 
. Grampus griseus 1.28 2.80 3.86 3.93/2.98 1.65 0.85 0.340.10 
. Phocena lineata .79 1.68 2.08 2.07 1.57 0.93 0.40 0.18 0.06 
. Delphinapterus catodon .03/2.10 2.75 2.76 2.301.40 0.71 0.28 0.07 
. Megaptera longimana., . )1.80,2.46 3.03 2.95 2.50 1.73 0.76,0.28 0.08 
. Average of second | 

means 10. -50/1.92 1.92. 1.56:0.98 0.500.200 08 


On closely examining these curves, their general uniformity is 
at once made apparent. ‘There are some differences in the curves, 
which may be due in a large measure to the age and condition of 
the fish. Thus, while many have a “full” curve between the 
snout and the greatest cross section, as is represented by the Poma- 
tomi (male and female), (Figs. 287, 288), the Seriola (Fig. 295), 
and the Coryphena, (Fig. 294); many others have a“ hollow line,” 
as the Tursiops (Fig. 296) and Phocena (Fig. 298); and, again, 
others show an almost straight entrance. This dissimilarily will 
be referred to later on. The curves of the ruan—that is from the 
greatest cross section to the tip of the caudal fin—are similar for 
all the fish, being a smooth and very hollow curve, tapering off to 
great fineness at the posterior extremity, as might have been ex- 
pected. 

An important point to which attention is especially called, is the 
wonderful uniformity in all the specimens of the position of the 
greatest cross-section, being situated as will be seen, at 36 per 
cent. of the total length from the snout. 

As far as the author is aware, this is the first time this pecul- 
iarity has been noticed. 

In 1884, the author described this in an unpublished thesis, 
and extracts were made from it in a paper read before the Insti- 
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tution of Naval Architects April, 1, 1887, entitled the “ Forms of 
Fish and of Ships.” 

Some of the figures as printed in that article were wrong. 

Tn only one instance, the Salmo confinis, is the position of this 
section distorted, so to speak, from the above proportion, and it 
undoubtedly was due to the fact that the cast was incorrect, prob- 
ably having been made after the fish had been dead long enough 
to swell, and so alter its original form. 

The importance of this strict law is enhanced, when we recol- 
lect that it holds equally true for both the fish and the cetacea, 
while they vary in length from twelve inches to thirty feet, regard- 
less of their displacements and regardless of their speed of loco- 
motion. We are unable to state how fast these fish are capable 
of propelling themselves through the water; but we do know 
that while some are credited with great speed, others are com- 
paratively very sluggish, yet they, one and all, obey this common 
law. With this one exception just mentioned, the variations from 
the above proportion are so slight, being within two per cent., 
that they may be treated simply as errors in measurement. 

In the list given in Table II., are the lengths of the fish in 
inches; the distances from the snout to ‘the greatest cross sec- 
tion in percentage of length; and a third column, to which refer- 
ence will be made later. 

Table III. contains, in the first column, the scale area in square 
inches of the greatest cross section, and in the three others, the 
displacements in cubic inches of the entrance, of the run, and the 
total respectively. 

On comparing the figures given in the first column, we notice 
that there is no fixed relation between the areas of the greatest 
cross sections. Thus, the areas of the Tetrapturus, Fig. 290, the 
two Scomberomori, Figs. 291 and 292, and the Coryphna, Fig. 294 
are very small, while on the same scale the areas of the Oreymus, 
Fig. 293; the Megaptera, Fig. 300, and the Grampus, Fig. 297, are 
quite large ; and we know from observation that both the Tetrap- 
turus and Oreymus, the former having a small area and the latter 
a large one, are capable of great speed of locomotion. 

The areas of the greatest cross sections of the other fish on the 
list, vary between those of the Tetrapturus and Grampus. 

The seale areas of the Tetrapturus were calculated on the 
length of the fish without the bill, or thirteen inches shorter than 
the total length, as has been noted above. 
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\TABLE II, 


NAME OF Fisu. * 


. Gadus pollachius ......... 
. Pomatomus soltator........... 
. Pomatomus soltatrix........... 
Tetrapturus albidus........ .. 
Same, without bill 
Scomberomorus maculatus, .... 
. Scomberomorus cavalla........ 


. Coryphena hippurus........... 


. Seriola dumerili 


. Phoceena lineata............ 


. Delphinapterus catodon 
. Megaptera longimana.......... 


180 


68.5 


12. 


Length 
in inches. 
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Distance from snout to 


Greatest cross End of curve of 
section. 


Per cent. 


37 


40 
36 
36 
36 
36 


36 
36 
36 
37 
36 
34 
36 
36 
36 
36 
36 
36 


TABLE III. 


NAME OF Fisu, 


| sq. inches. 


| Scale Area | 


Greatest 
Cross 
Section 


. Tetrapturus albidus 


OD AIR 


. Phoceva lineata 
. Delphinapterus catodon ....... 
. Megaptera longimana........ 


Gadus pollachius,... ......... 
- Pomatomus soltator..... ..... 
Soltatrix. ....... 

. Labrax lineatus 


. Scomberomorus maculatus... .. 
us cavalla....... 
. Orcymus thynnus............. 


. Coryphena hippurus.......... 
. Tursiops tursio 
. Grampus griseus.............. 


76 


replacement. 


Per cent. 
i3 
ro 


to to 


Scale Displacement, 
cubic inches. 


| Entrance. | 


Run. 


We cannot state, or even give a rough approximation to the 
peed at which these fish are capable of swimming, but while we 
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10 | 
35 64 
12 | 47 69 
4 13 72 
q 16 ese] 140.5 | 72 
868 | 724 
Total. 
| 4.42 B31 | 9.73 
| §.45 59 10.04 
| 4.84 57 «210.41 
4.99 58 | «(10.57 
4.05 48 | 7.53 
5.85 20 | 18.05 
1.85 18 | 3.98 
2.87 61 | 6.48 
‘ 10 2.82 11 | 5.93 
1 .92 36 14.28 
12 96 | 48 | 5.44 
13 .19 84 | 8.038 
14 0 | 9.48 
q 15 50 | 40 17.90 
18 80 | 11 9.91 
17 | 36 13.66 
| 95 | 26 | 15.21 
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do know from experience that some are swifter in motion than 
others, there does not appear to be any relation between the area 
of greatest cross section and the speed. 

From an examination of the total displacements, given in 
column four, Table ITTI., we do not find any fixed relation between 
either the displacements themselves or between the displacements 
and the speed of locomotion. 

In general, we may say, that the more powerful the fish, the 
larger the displacement; and since with some the muscular de- 
velopment is abnormally great, which affects the displacement, it 
does not necessarily increase the speed, for this strength may be 
for the purpose of defense, offense, or maneuvering powers. 

These displacements must vary considerably with the age and 
physical condition of the fish, although the general form, or rather 
the relations between the successive areas of cross section remain 
unaltered. 

There does not seem to be any fixed agreement whatever be- 
tween the greatest areas of cross section, the displacements and 
the speed; nor between the square roots of the areas and the 
cube roots of the displacements. From an examination of the 
tables, it appears that each fish is independent in regard to these 
points, and is given a form best suited for the peculiar circum- 
stances which may surround its individual existence. 

Aside from the areas and the displacements, the fish agree re- 
markably in all the other essential points, as in the general dis- 
tribution of their displacements, in the position of the greatest 
cross section, in the relation of the caudal fin to the rest of the 
body, and in their coefficients of fineness. 

These coefficients of fineness are given in Table IV., and are 
(if we may be permitted to use the term) the mid-fish section 
cylinder coefficients. In comparing them, one must keep in mind 
that the differences in age and physical conditions of the fish at 
time of measurement exert a considerable’ influence on these co- 
efficients, and will account, in a large degree, if not entirely, for 
the variations, as stated. 

It will be noticed that, in general, those fish which have the 
greatest muscular development in proportion to their weight, 
have the largest coefficient of fineness. Thus, the Salmo salar 
(salmon) has the largest coefficient, namely, 0.553, and is probably 
the most powerful fish for its size on the list. It is not, perhaps, 
the swiftest, but it is capable of propelling itself against currents 
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which would force back most of the others that might attempt to 
stem them. Next to the Salmo salar comes the Pomatomus 
(bluefish), whose powers of exerting its strength are well known 
to anglers, and in consequence it enjoys the reputation of being 
one of the gamest of fish. 


TABLE IV. 


Ratio of dis- 
tunce from 
Snout to 

Vent to to- 
tal length 


Coefficient 
fineness. 


8. Scomberomorus 0.52: 0.491 
©. Beomberomoras cavalla. 0.482 | 0.470 
10. Oreymus thynnus........ 0.455 § 0.548 
46. Delphinapterus catodon.., |} 0.482 0.672 


ind 


The maximum variation above the average is only 7.7 per cent., 
and below 3.5 per cent., or a total variation of 11.2 per cent. on 
the volumes of the cireumscribing cylinders. It will be noted 
that the average coefficient is about that of vessels having very 
fine lines and designed for high speed. 

In the second column of the same table are given the ratios of 
the distance from the snout to vent to the total length. If we take 
the position of the vent as indicating the posterior extremities of 
the internal organs of the fish, which it does in most instances, 
and that all behind the vent is the “/ail,” consisting of the caudal 
fin and its controlling muscles, then it is curious that the ratio of 
the distances from the snout to the vent to total length, should be 
so much smaller for the fish than for the cetaceans. Thus, the 
average ratios are : 
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JSomatomus sottator 
Blue Cish. 


FIG, 287. 


Jomatomus soltatex 
Ptue ish. 
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Latzax Uneatus. 
Striped Bass. 
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macufatus 
Spanish Mackerel. 
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Jeomberomorus cavatla. 
Ruban Spanish Mackerel 
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O2zcymus thynnus. 
Horse Mackerel. 
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Dolphin. 
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turdto. 
Jrottle Dolphin. 


Srampud griseus. 


Gzampus. 
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Shoceria lineata. 
Porpose 


Fie, 298. 
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Delphinapterus catodor. 
White Whale. 


Fie. 299. 


17. 


Teaapntera tongimana. 
Hunepback Uhale. 
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It surely cannot be denied that the “fish form” is the one which 
is best adapted for a body moving through water, when governed 
by the conditions which regulate the lives of those vertebrates 
classed in this paper under the general head of “ /ish.” 

While this form may not be the one of least resistance, it cer- 
tainly approaches it as closely as the controlling influences will 
permit. 

To recapitulate the points of comparison between the area 
curves of the fish mentioned, we have as follows: 1. That the area 
curves resemble each other in general form and in the distribu- 
tion of the displacement. 2. That the position of the greatest 
area of cross section is fized, being situated at 36 per cent. of the 
total length from the*snout ; the length is the distance from the 
tip of the snout to the tip of the caudal fin, measured on the 
longitudinal axis of the fish. 3. That this position of the great- 
est cross section is also true for the cetacea, and that it is entirely 
independent of size or of speed of locomotion. 4. That there is 
no relation between the areas of greatest cross section, or, appar- 
ently, between the areas and the speed of locomotion. 5. That 
there is no close agreement between the ratio of the displace- 
ments and the greatest areas of cross section, or between the cube 
roots of the displacements and the square roots of these areas. 
6. That the mid-fish cylinder coefficients of fineness agree very 
closely, having as an average 0.476. 7. That the ratio of the 
distance from snout to vent to total length is very nearly con- 
stant, but that the constant is different for the fish and for the 
cetacea, being for the former 0.491, and for the latter 0.667. 


If we take the areas of the greatest cross sections as unity, and 
give to every other area of cross section its relative value, and 
then find the average of the second means, we will have the 
ordinates for an average or composite curve. These averages are 
given in Table I., and the average curve plotted from them is 
shown in Fig. 301. 

The author is fully aware that this average curve does not 
represent any one class of fish, and is, as it were, a melange of 
proportions of form which are more or less closely related to one 
another; but, although it may be open to criticism from this 
standpoint, it is, nevertheless, of marked value, and has a much 
greater and wider significance than may at first appear. 

Since the position of the greatest area of cross section is fixed 


> 
the 
“We 
a 
= 
= 
5 
i 
a 
i 


690 THE DISPLACEMENTS AND THE AREA-CURVES OF FISH. 


and since the curves are similar in form, as well as in the distri- 
bution of the displacements, we are merely taking the average of 
corresponding areas, which we use as ordinates for a new or aver- 
age curve, and by so doing we do not destroy any relation that 
they may bear one to another. Also, any errors in measurement 
will be reduced, and since the curves are similar in their general 
formation, the law represented by this average curve will be the 
one to which the progression of areas of each individual fish 
will approximate. 

The equations of this average curve can be expressed algebra- 
ically, as follows : 

Assume as the origin of the curves of both the “ entrance” and 
of the “run,” the point of intersection of the greatest cross section 
and the curves; and let 
A denote the ordinate of this point, or the area of greatest cross 

section ; 


as the ordinate of any point, or the area of any cross sec- 
tion ; 

l - the length of the entrance, or of the run; and 

a * the distance from the greatest cross section to the sec- 


tion under consideration ; that is, from “A” to “a. 
Then, we will have the curves represented by the equations 


1.7 
a= 4 (1-45), 
for the entrance, and 
gp 2.5 
a= 4(1-45), 


for the run. 

These equations are of the parabolic order ; and would be those 
of the true parabola, if we substitute in equation (a) the exponent 
2 in the place of 175; and in equation (4), a like exponent in the 
place of 1.45, changing at the same time 2.5 into 1. 

The curve of the entrance, equation (@), is flatter than the true 
parabola ; while the curve of the run (equation 4) does not ap- 
proach at all to the parabolic form, due to the fraction within the 
parenthesis being raised to the 2.5 power, causing the curve to be 
one of reverse flexure. 

From equation (a), we derive the following proportion, namely : 


. 
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Therefore, for the entrance, any area of cross section is to any 
other area of cross section as the algebraic differences between 
the 1.75th powers of the length of entrance, and of the distance 
from the greatest cross section to the section considered. 

Also, from equation (}), we have this proportion : 


that is, for the run, any area of cross section is to any other area, 
as the 2.5th power of the algebraic difference between the 1.45th 
powers of the length of run, and of the distance from the greatest 
cross section to the section considered. 

Comparing, again, the different area curves, we notice that the 
curves of the after bodies bear a stronger resemblance to one an- 
other than do the curves of the fore bodies; and also that the 
latter curves are divided into three classes, one having a “ full,” 
another a “ Aollow,” and the third a nearly “straight” line of en- 
trance. The average curve is evidently of this third order. Now, 
the thought arises that perhaps there is some positive explanation 
for this difference, and that it is not entirely due, as we have up 
to this point assumed, to the differences in the physical condition 
of the specimens at the time of measuring. 

Arranging the fish as mentioned above, we can classify them as 
follows : 

Crass A. 
Full Entrance. 
2. Salmo confinis (trout). 
4. Pomatomus soltator (blue fish). 
5. Pomatomus soltatrix (blue fish) 
11. Coryphzena hippurus (dolphin). 
12. Seriola dumerili (amber Jack). 


Crass B. 
Hollow Entrance. 


1. Salmo salar (salmon). 

6. Labrax lineatus (striped bass). 

7. Tetrapturus albidus (bill fish). 

0. Oreymus thynnus (horse mackerel). 

13. Tursiops tursio (bottle-nosed dolphin). 
14. Grampus griseus (grampus). 

15. Phocwna lineata (striped porpoise). 
16. Delphinapterus catodon (white whale). 


» 
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Crass C. 
Straight Entrance. 
Gadus pollachius (pollack). 
8. Scomberomorus maculatus (Spanish mackerel). 
9. Scomberomorus cavalla (Cuban Spanish mackerel). 
17. Megaptera longimana (hump-back whale). 


It will be noticed that those fish which have a hollow entrance 
are the most numerous, and that Class B is nearly twice as large 
as either of the others. 

We also find that, in general, Class A contains those fish which 
are noted for theirstrength, especially of the head and jaws, upon 
which they depend not only for their existence, but also for their 
defensive powers, and hence the fullness of the line of entrance in 
order to contain the necessary muscular development ; that in 
Class B are grouped those which exhibit the greatest speed of 
locomotion, depending for the most part on this speed for their 
power of defense and offense ; and, that in Class C are those 
which are midway between the other two classes, sacrificing in 
part their form for speed to gain an increase of strength or some 
other peculiarity. As examples of this theory, we may call 
attention to the Pomatomi, Figs. 287 and 288 in Class A; 
the Salmo, Fig. 28+; the Tetrapturus, Fig. 290, and the Oreymus, 
Fig. 293, in Class B; and the Megaptera, Fig. 300, in Class ©. 

It is curious that the cetaceans are, with only one exception, 
included in Class B as having a “/ollow” line of entrance, and 
that the exception, the Megaptera (whale), belongs to Class C, and 
is, therefore, only just without the limits of Class B. It seems re- 
markable that the whale should have so fine an entrance, when we 
consider the enormous proportions of its head. The age of this 
specimen is estimated at about nine months. 

By a system of averaging the corresponding ordinates, as was 
done before, we can construct the curves, shown in Fig. 302, 
which will represent the mean curves of curves of entrance of the 
three classes respectively. 

By making use of the same notation as was employed above, 
we can express these “Curves of Entrance” algebraically, as 
follows : 

For class “ A”—Full Entrance : 
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For class “ B ”—Hollow Entrance : 


1.% \ 15 


a=A — 


For class “ C”’—Straight Entrance : 


16 


The curve for class A is fuller than the parabola, while the 
curves of classes B and C fall below it. 

For the fish mentioned in this article, the average scale areas 
of the greatest cross sections, that is, the values of “A” are, as 
below: 


For class A, Area = 1.68 square inches. 
For class J, Area = 2.47 square inches. 
For class C, Area = 1.97 square inches. 


From these figures we see that the smaller the area of greatest 
cross section the more obtuse is the curve of entrance. 

There are probably many individual cases which are excep- 
tions to this, but it is presumably true in a general sense. 

To those fish which are capable of high speed nature has ap- 
parently given a large area of section in order to obtain the neces- 
sary displacement, and at the same time has reduced the head re- 
sistance due to this area by a simple proportioning of the lines of 
entrance of the body. In order for a fish to pass through the 
water entirely without “shock,” in would be necessary for the 
curve of area to be tangent to the horizontal axis at the snout. 
This condition is obviously impossible. 

The form of fish is very prettily illustrated by the area curve, 
smooth and continuous from tip to tip, and supplies us with a 
living example of principles which have been more or less neg- 
lected by man when designing a body to be moved through the 
water. 

In studying these area curves we cannot help noticing the great 
difference between the extremities, the curve at the snout meeting 
the horizontal axis at an angle varying from 12° to 50° with an 
average of about 40°, while at the caudal fin, the curve is tangent 
to the axis in every instance. It is, so to speak, an illustration, 
furnished us by nature of the greater importance of a clean, 
fine run than of a corresponding fineness of entrance. 
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Since fish are not wave-making bodies, due to the depth at 
which they swim, the water displaced by the snout tends to flow 
in a rapid stream toward the tail and thus refill the void which the 
body of the fish would create by its motion, thereby dispensing 
with a wave of replacement. The water displaced by the snout 
may not actually flow as described, but nevertheless the tendency 
for it to do so exists, and for that reason we may so consider it. 
Here, then, we find an explanation for the apparently extreme 
forward position of the greatest area of cross section. In the 
first place, the run, as shown on the area curves, includes the 
caudal fin, and secondly, since it is so much finer than the en- 
trance it permits the velocity of the stream of displacement, 
which has a maximum at the greatest cross section. to be reduced 
before the water is acted upon by the caudal fin, thus increasing 
the efficiency of that important organ. 

These streams of displacement take the place of the wave of that 
name, and their maximum velocity is evidently dependent upon 
the area of the greatest cross section. Now this maximum veloc- 
ity, irrespective of its being high or low, is imparted to the water 
when the fish has traversed a distance equal to 36% of its total 
length. And, again, for fish of any length moving at any constant 
speed, equal divisions of fish are passed in equal periods of time ; 
and, the water adjacent to the fish has imparted to it a velocity 
which starting from zero at the snout gradually increases until the 
maximum is reached, whence it slowly diminishes until it is zero 
at the posterior extremity, or rather should be if it were not for 
the currents set up by the propelling action of the tail. For fish 
traveling a distance equal to their length in a given period, the 
time required for these currents to reach a maximum is the same, 
although their dimensions, forms and displacements may be very 
dissimilar. 

We have spoken of these currents as if they actually existed in 
a well-defined state, which is not probably the case. The water 
flows in from the sides as the fish moves forward, and the water 
displaced by the snout fills the space thus vacated. ‘This pro- 
duces a current which is in reality a modified form of the one 
described. 

There is another curious feature connected with these area 
curves, which we may now consider. 

If from the greatest area of cross section we prolong the curve 
of the run as if it were a continuous curve, instead of one of re- 
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verse flexure, we find that it will terminate at a distance from the 
snout of about 72¢ of the total length. 

The actual distances for each fish, in percentages of their 
length, are given in column three of Table IL. ; and on the dia- 
grains, the dotted lines represent this curve, which we shall call 
the “curve of replacement,” in contradistinction to the “curve of 
displacement.” 

Now it appears that the greatest cross section is situated at 
one-half the distance from the snout to the terminal point of this 
curve. This curve also includes an area between it and the line 
representing the greatest cross section, which is approximately 
equal to the area bounded by that section and the curve of the 
entrance. 

For a division of the “run” of the fish, the author now suggests 
that this new curve of replacement shall be the boundary line be- 
tween the body and the tail. That is, all of that portion of the 
fish from the head to this new curve shall be the “body ;” and 
from this curve to the tip of the caudal fin, the “ ¢a7/.” It will be 
observed that with the cetaceans this curve terminates just be- 
hind the position of the vent. 

If we imagine a fish with its tail removed, and propelled by 
some other means, we would have a form having its greatest 
cross section situated at the middle of its length, and with the dis- 
placements of the entrance and run approximately equal. 

Most certainly this curve of replacement is theoretical, and is 


not seen on the fish-form, but nevertheless it is curious, and ap- 
pears to the author to be of more than ordinary interest, and for 
that reason it is here mentioned for whatever merit that it may 
contain. 
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LARGE AND ENLARGED PHOTOGRAPHS AND BLUE 
PRINTS. 


BY R. H. THURSTON, ITHACA, N.Y. 


Member of the Society.) 


The writer has, on an earlier occasion, presented to the Society, 
with the kind permission of Professor E. C. Cleaves, samples of 
blue prints of extraordinary size, as made by a method, and with 
apparatus, original, it is believed, with that gentleman. That ex- 
hibited at the Washington meeting of this Society, and a similar 
one exhibited at the Kaaterskill meeting of the Civil Engineers, 
were 8 feet long and 3} feet in width. It will be remembered 
that they were made on a revolving cylinder, contact being secured 
simply by drawing the tracing tight over the sensitive paper and 
the underlying felt by means of suitably arranged clamps and 
springs. No glass was needed, and the expense and risk, and some- 
thing of the trouble, of the common method of operation was thus 
avoided,.* 

The writer has since had some still larger prints prepared by a 
still simpler apparatus and method, original with himself, and by 
which an almost unlimited area of surface may be printed. The 
blue print accompanying this paper is a sample of what may be 
easily done in any drawing-room in which light can be obtained 
for such extent of print. It is a blue print from a tracing of one 
of Captain Zalinski’s latest forms of pneumatic dynamite gun 
shells, as designed by him for the fifteen-inch gun now under con- 
strustion. The print is fourteen feet long and 2} feet wide. It is 
a good sample of the fine work in printing and toning which is 
done by Professor Cleaves for the Sibley College of Cornell Uni- 
versity. The formulas for the reagents are derived by a systematic 
course of experimental investigation directed to that end some tiie 
since. 

The printing apparatus used for this later work consists of 


*Trans, A. 8. M. E., Vol, VIII, p. 722. 
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nothing but a single thin board, of the length and breadth of the 
proposed print, with some margin for the stretching clamps. This 
board is covered with good felt of carefully selected quality, secure- 
ly and smoothly fastened to the board by any convenient means. 
A line of tacks around the edges does as well, perhaps, as anything. 
The sensitive paper is then stretched over the feit, and the tracing 
drawn over that, and both are smoothly stretched by clamps or 
other convenient device. It is of course evident that it would not 
be practicable by this operation simply to obtain that complete 
contact and pressure throughout the. surface in contact that is re- 
quired for good work; but this desideratum is easily secured by 
the simplest expedient imaginable: The board is merely sprung to 
a flat are in the direction either of its length or of its breadth, 
ordinarily in the longer line. This brings everything “ taut,” and 
the printing is done precisely as under glass, with the further de- 
cided advantage that no light is lost through the intervention of 
the glass; which, however excellent in quality, will inevitably 
absorb a very measurable amount. 

The accompanying sketch represents the apparatus designed by 
Professor Cleaves for the purpose of carrying into effect the sug- 
gestion of the writer in the making of the very large prints of 
which that presented herewith is a sample. Figures 303 and 304 
are a plan and side elevation of the board and its mounting. It 
will be seen that the upper, or printing board, is supported upon a 
lower and somewhat narrower and longer one, which, in turn, 
should be carried on trestles or other convenient arrangement. 
The printing board is stiffened laterally by strips or battens, but is 
free to spring longitudinally to any desired extent. The support- 
ing board is stiffened longitudinally.” At each end of the latter is 
a batten dd, set transversely, which answers as a chock, as seen 
later. Clamps ee are placed at either end of the printing board 
by means vf which to secure the felt, paper, and tracing. One or 
both of these clamps may be made adjustable for varying lengths 
of print. Figures 305 and 306 show the method of operation. 
The bvard is tirst raised at one end and thus slightly sprung. The 
felt and paper, and the tracing which forms the negative, are 
stretched smoothly between the clamps and well secured. The 
board is next laid down on the supporting base, the two ends made 
fast, the one to the batten at the left, the other to another arranged 
at the proper distance from the right hand extremity, the printing 
board springing into a curve of which the bridge a, hinged at the 
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middle as in .4, and thrown up as seen in the sketch ZB, gives 
the versed sine. By springing to any desirable extent as in A, 
and then reversing the curve as in &, any required degree of ten- 
sion and stretch can be given the tracing, and thus any necessary 
amount of pressure and perfection of contact with the sensitive 
paper may be obtained. The two sections at the right exhibit the 
end view of the pair of boards and a section of the clamp used. 

It is obvious that this scheme will suffice to print any area of 
blue-print that paper can be obtained te cover—a half-mile square 
if necessary. The amount of springing required is very small, and 


) 

1. 7 || | LARGE BLUE PRINTS, 
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é Section of Clamp 


Fie. 306. 


never enough to affect perceptibly the uniformity of the printing 
and tone of the print. If it should ever seem too great, it is easy 
to correct the defect by first springing the board in the reverse 
direction ; then, after drawing the covering felt and papers tight, 
bending it in the first proposed direction, past the straight line, and 
as far as may be found desirable to secure good contact. We have 
found this method to work quite as well as the cylinder; which we 
still use, however, for what we now call smad/ sizes. Perhaps this 
may be as well or better than the new method, up to eight or ten 
feet length, and for narrow prints; while the new arrangement 
may do best whenever extraordinary sizes—as gauged by our new 
standard—are called for. 

We are doing another quite different kind of work in photog- 
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raphy, which proves to have great value for certain purposes. 
Professor S. B. Newberry, in charge of organic and applied chemis- 
try, has, for some time past, been experimenting with various 
methods of enlarging photograplis, and has succeeded in producing 
such enlargements very successfully in sizes which are remarkably 
well adapted to the purposes of the instructor in making wall-charts, 
maps, drawings of architectural subjects, and of machinery. Ihave 
now received from him excellent reproductions, on a scale of about 
2} by 3 feet, and 3 by 4 feet, of full-page plates from the engineer- 
ing journals; portraits from cabinet pictures of great engineers and 
inventors ; and other interesting subjects, such as could not have 
been economically obtained by either redrawing, or any of the older 
processes of reproduction, and at a cost so small as to make them 
very freely available. They are clear, distinct in line and in all de- 
tails, and are quite large enough and bright enough to serve admi- 
rably for wall-charts. The effect is particularly exccllent in making 
views of architectural subjects and of machinery which is at all 
complicated, such, for example, as full drawings of marine steam 
engines. 


DISCUSSION, 


Mr. Albert F. Hall.—The apparatus described by Prof. Thurston, 
although showing much ingenuity, appears to possess the same 
imperfections common to most of the devices for the purpose. It 
is impossible, where the apparatus is in constant use, to prevent 
the board from warping, or to maintain a uniform thickness of the 
“pad.” Consequently, the prints soon show marks of imperfect 
contact. One way to obviate this has been to make the pad in 
the form of a rubber bag and fill it with air. 

Another is to secure a piece of sheet rubber to the edges of a 
board and to maintain a constant flow of air into the space between, 
to make up for leaks resulting from imperfect joints; a safety 
valve being placed on the pipe leading to this space, for the pur- 
pose of guarding against too great a pressure on the glass. 

It is not, however, always convenient to arrange such a device, 
and a novel apparatus, the invention of Hugo Sack, of Plagwitz- 
Leipzig, Germany, United States Patent No. 324,960, of August 
25, 1885, seems to present a means of always obtaining a perfect 
blue print. The principle of the device is very simple, and con- 
sists in exhausting the air from the space between the back of the 


prepared paper and an elastic material, the edges of which are 
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held in close contact with the glass, by means of a small vacuum 
pump, attached to the frame, the atmusphere producing the 
desired pressure. 

Unfortunately these frames cannot be seen in this country, and 
the price, which does not include the glass, freight, or duty, ren- 
ders them too expensive for general use.* 

Mr. Ezra Fawcett.—At the presentation of the large blue print 
at our Washington meeting, by Prof. Thurston, and the method 
of producing it, by securing the sensitive paper and tracing on a 
large drum or cylinder, and exposing to the light, it suggested it- 
self to me that it would have to be turned regularly to produce 
an even print, and also be somewhat limited. 

At that time I suggested to one of the members the plan of a 
long thin board ; clamp the paper to it and spring to a flat are, 
giving it a practical uniform exposure to the light, and limited 
only to the length and breadth of the device and paper obtainable ; 
and it gives me great pleasure to note the able manner in which 
Prof. Thurston has brought out the device. 

Mr, W.S. Rogers.—I1 am interested in the blue print question and 
always have been. I saw a desuvription of that cylinder method, 
described at the Washington meeting, and I was going to try that 
to see how it worked in making a large print. But it was too big 
a job and I was tired. (I was born that way.) I had occasion, 
though, to make a print about twelve feet long. I made a eyl- 
inder three feet long and six inches diameter, hung it on bearings 
that rested on a trestle arranged to represent a horse, and then I 
wrapped padding around that and w reaped thick manila paper 


* For the benefit of those who may desire er is bch: ae are referred 
to the manufacturers, Carl Schleicher & Schill, of Diiren, Germany, or their 
agent, B. G. Soltmann, New York. 

A list of the sizes is appended. 


oF TRACING. Size or Gass. | THICKNESS OF GLass. 
Millimeters. | Inches. Millimeters. Inches. | Millimeters. Inches. 
360 x 420 | 14.17 16.53), 305 x 455 | 15.55 17.91 | 2to5 | 0.08to 02 
ee 505 x 650 | 19.88 x 25.59) 640 x 685 | 21.26 x 26.97 | 2to5 | 008 to 0.2 
550 x 750 | 21.65 x 29.58 585 x 785 | 28.03 x 30.90|| 2 tod 0.08 to 0.2 
aoe | 750 x 1,050 | 29.53 x 39.56 700 x 1,090 | 31.10 x 42.91 2to5 0.08 to 0.2 
Wise | 850 « 1,250 | 33.46 « 49.21 990 x 1,290 | 38.98 x 50.78 5 to 8 | 0.2 to 0.4 
| er | 1,050 x 1,400 39.56 «x 40.94 1,090 x 1,440 | 42.91 « 56.68 5to8 | O2to 0.4 
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over that. Next to that I put sensitized paper, then the tracing 
cloth, which I rolled up very tight on the cylinder, and 1 marked 
it so that I could give it about three minutes’ exposure as I un- 
rolled it. I made the drawing room dark. Then raised one 
window, so as to let the sun come in from the south and strike it 
where it was tight on the roll. I slowly unrolled the tracing 
cloth and two pieces of paper and I got a very nice print. I 
made only one and that was so well done that I was afraid to try 
another. But I like that better than I do this board method. 
My drawing room is only sixteen feet square. I have not any 
room to put any extra lumber in. NowI propose to make two 
rolls and set the lower roll at an angle of about 45 degrees down- 
ward, and reroll the paper as I print it, and I will use a mechan- 
ism to let it print itself and roll out on the other roll and let it 
have a regular three minutes’ exposure. I think then that I can 
print ten miles of paper in my sixteen foot drawing room. I am 
going to try that. I have tried it already on one roll and it works 
very nicely. If I had known of this paper I should have brought 
that print along. But at the next meeting I will try and bring 
the whole machine. 

Mr. John F.. Wilcow.—I might save Mr. Rogers in this respect 
by telling him to write to Mr. Ely up at Altoona. He will send 
him a blue print of the apparatus that is used up there. They 
are similar to the one described at the Washington meeting with 
the addition of the cylinder you speak of there—the winding up 
of the print. I have a print in the office at home that is fully 
seventy-five or a hundred feet long. It isa map of a line of pipe. 
It is on two rollers. I am speaking at random of the length of 
it. It may be longer. 

Mr. Rogers.—I am very much obliged. On this blue print ques- 
tion there is another point that I wish to speak of. I notice that 
in nearly all the blue prints that I get—we get a great many from 
firms to know whether we can adapt our machines to their class of 
work—that the upper lines, which I generally call the North line 
and the West line, are very light lines and the East line and 
South line are heavy. That is according to the way I was taught 
at school. But I have abandoned that in practice, and I make all 
my lines representing a piece that is to be worked of the same thick- 
ness and I make them heavy on the tracing ; then when it comes to 
blue printing they come out heavy. I have found, from watching 
men in the shop picking up a drawing made with shaded lines, 
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that they will go at it and turn it two or three different ways, and 
TI always felt as though I ought to have written on the drawing 
what it was, and I find that a great many shops I go into are 
using that school method. I thought it was original with me, but 
I find a great many others are doing it. It is not exactly what 
we were taught, but it is a great deal more convenient for the men 
that have to use it, if all the lines of the sheets to be operated 
upon are the same thickness and heavy and the dimension lines 
are light. 

Prof. R. H. Thurston.**—I think that Mr. Hall is mistaken in 
asserting that the printing board cannot be kept from warping, if 
it is properly made and handled. A few battens secured trans- 
versely on the underside will always prevent lateral warping even 
if it were probable that it could occur to an embarrassing extent, 
which I think quite unlikely. We have had and we anticipate no 
trouble at all of the kinds suggested by him. I presume his mis- 
apprehension and his apprehensions arise from an unscientific 
use of the imagination rather than from experience with the ar- 
rangement described. Its object is to evade precisely the objec- 
tions to the common method which he enumerates and it is practi- 
cally successful. It also eliminates the objections to the German 
device which he apparently approves—the great cost, risk and 
trouble met with in the latter endeavor to meet difficulties which 
must always arise where great sheets of glass are used. It would 
be interesting to see the Sack system applied to making blue 
prints many feet long. I should not expect it to prove a long- 
lived system in competition with the simpler and cheaper and 
quite as effective methods which I have described and of which 
the Society has been shown the product. 

The modified plans described by Mr. Rogers and by Mr. Wilcox 
would, I should expect, be very useful for the special cases re- 
ferred to by them. I think that, now that two or three of us have 
played Columbus, this egg can be made to stand on end almost 
anywhere. 


* Author’s closure, under the rules, 
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CcCcIX, 


TOPICAL DISCUSSIONS AND INTERCHANGE OF 
DATA. 


XVIItH MEETING, NASHVILLE, May, 18838, 
No. 309-58 and 309-59. 


What is the most economical speed of cable in telo-dynamic transmissions for 
high and low power ? 

What data have you for design of hemp rope transmissions, especially where 
several parallel ropes replace a flat belt ? 


Mr. John H. Cooper.—The ropes should be run under the same 
conditions and very much in the same way as leather and other 
belts. 

That is, the working tension of each rope should not reach and 
should néver exceed its elastic limit, and this restriction will avoid 
the evil effects of overstraining and insure long life to the ropes. 

The pulleys should be comparatively large aud each connected 
pair set apart as nearly horizontally as may be, which will secure 
the best of the “ sag” of the ropes upon both puileys, and that the 
speed should be high in order that the traction may be light. The 
upper strips of the ropes should hang in the deep curves between 
the pulleys, the lower strip should drive, and neither strip should 
be vertical. 

The wheels are usually of cast iron, made whole, in halves, or in 
segments with separate rim, arms and hubs as may best. suit the 
making, fitting and shipping of them. The grooves should be 
accurately turned to the same shape, to suit the ropes to be used 
and to exactly the same aiameter in the same wheel, in order that 
the pitch or driving diameter of each groove shall be equal, it 
being essential also that the effective girth of each rope in each 
connected pair of wheels shall be the same and that the wheels 
shall be well and evenly balanced for high speed running without 


lateral vibration. 
The least diameter of rope wheels should bear about the same 
proportion to the diameter of the rope to be used upon it, as Mr. 
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Roebling gives for wire rope sheaves and that is 35 times the diam- 
eter of the rope. 


As with belts, the greater the velocity of the rope the greater 
the efficiency of the same, and the speed may safely be increased 
up to 5,000 feet per minute. The driving and driven shafts may 
be located according to circumstances, a distance apart of from 20 
to 60 feet. 

Rope wheels intended for bearing up the sag of ropes, or guiding 
them where necessary, should have a diameter not less than that 
prescribed for the least driving wheels, and the grooves should be 
smooth and have semicircular bottoms, larger than the ropes to 
permit the freest passage of the ropes through them. 

White untarred ropes will break under the strain of 7,000 to 12,- 
000 pounds per square inch of section. The actual section may be 
be taken as that within ,‘, of the circumscribing circle of the rope. 


10 

As to the durability of the ropes, some are known to have con- 
tinuously run 10} years; in general the life of a rope is from 3 
to 5 years, although the latter figure has many times been exceeded. 

When a rope shows symptoms of giving away, it can be removed 
and a new one put in its place during the noon stoppage or in the 
early evening. 

It is usual in the allotment of driving capacity to provide one or 
more ropes than the exact number necessary, so that should one 
fai] the remaining ropes are fully competent to continue driving 
the plant. 

The ropes used are mostly of hemp of carefully selected stock, 
having long fibres; they should be well and evenly twisted and 
uniformly “laid ” and yet be soft and elastic. 

It is very important that the splices should be well made, no 
part being of greater diameter than the body of the rope, and to do 
this the splices should be 9 to 10 feet long. 

The driving power is due to the grip of the ropes in the angular 
grooves of the wheels, the ropes can therefore be run loosely, which 
avoids unnecessary transverse straining of the shaft and useless 
pressure on the bearings. 

From an article on Rope Gearing by Mr. James Divine read at 
a meeting of the Institute of M. E., Manchester, England, Oct. 
25, 1876,* a few extracts are made in reference to the comparative 
cost of the transmission of power by cog-gearing, by belting and 
by ropes. Mr. Divine says: “It is difficult to give exact figures 


# See also ‘« Use of belting * by the writer, 
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for this comparison, but the cost of rope-gearing is considerably 
less than cog-gearing for equal transmissions and it may be fairly 
set down as one-half or two-thirds the cost of leather belts on flat 
faced pulleys. 

Lockwood, Greene & Co., of Newburyport, Mass., have given 
figures on the comparative cost of rope and belt driving, citing a 
vase of their own planning and erection in Lawrence, Mass., where 
they have about 2,000 H. P.in ropes. The round figures given are 
$10,800 for the belting-gearing and $6,700 for the rope-gearing. 

We have yet to refer to the two most important points in the 
successful practice of transmitting power by ropes, the safe and 
continuous working tensiog and the shape of the rope grooves in 
the wheels, 

The following table will show the transmitting power of ropes 
~at velocities ranging from 3,000 to 5,000 feet per minute, as de- 
rived from cases in practice, from which the H. P. can easily be 
figured when the exact velocity in feet per minute of the ropes is 
known. 


Diameter of Ropes. Working Stress on One Rope. 

Inches. Pounds. 
14 2473 
220) 
1? 2784 
13 330 
13 363 
2 il 256 
24 330 
349 
2h 205 
24 330 


Messrs. Pearce Bros., engineers of Dundee says: Mr. Divine was 
our Manchester agent, and the facts so nicely given by him in the 
paper referred to were furnished by us. This and the arti le on 
rope-gearing in “Elements of Machine Design” by Unwin, for 
which we also furnished the data, constitute, we believe, almost 
the only printed information we have in English on the subject. 

I present a drawing (Fig. 353) of the rope grooves from Unwin, 
and also give a copy of that kindly furnished to me by the Messrs. 
Lockwood, Greene & Co., adding their remarks: “In regard to 
the shape of the grooves, we have, after some investigation, adopted 
that shape which has been found to be best adapted to the general 
condition of rope driving abroad, and we have been satisfied with 
it, so far,” 

There is a difference of opinion as to the proper angle of the V 
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grooves, 40°, 43° and 45° being named for the inclination of the 
sides. It is certain that the inner faces of the inclined sides of the 
grooves where the ropes touch, should be concave to give the great- 
est area of contact with the rope when pressed into the groove. 


GROOVES FOR ROPES 
By Lockwood,Greene & Co, 
Newburyport,Mass. 


” 
! 


FROM CASES IN Prac lice 


4 4 
4 
OF [Working STRESS IN 
ROPE 
- 


Pitch Diam, 
of Wheel 


By Messrs.Pearce. Engineers. 


Dundee . 


353. 


M. Reuleaux quotes Wedding, a machine manufacturer in Berlin, 
as having found by experiment, that the resistance of a rope to 
sliding in a V-grooved wheel of 60° angle, is double the resistance 
that the same rope meets when in a semicircular groove which it 
just freely fits. 

Notice must be taken of the fact which is graphically represented 
on the drawing, that the pitch diameter of the wheels from which 
relative speeds are to be calculated, must not be measured from 
the centers of the ropes, but from the centers of the rope contacts 
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in the grooves, or from some point between the two depending 
upon the amount of stretch of the rope at its center and upon the 
slip of the touching part. 

Mr. W. W. Dingee.—The J. I. Case T. M. Co., Racine, Wis., are 
using in their new plant a hemp rope transmission of about 30 
Hi. P. The rope is } inch diameter and passes around the pulleys 
six times. The rim of these pulleys is made of hard wood with 
six V-shaped grooves for reception of the rope, which is returned 
from the last groove to the first by the use of two idlers as shown 
in accompanying diagram (Fig. 354). The frame in which these 


Fig, 354. 


run is sapported on trunnions which allow these idler pulleys to 
fake the necessary angle to get the rope back again past the drive 
pulley. 

One of these idlers, with its frame, is free to move on an over- 
head way, and by means of a weight keeps any desired tension on 
the driving rope. 

This rope transmission of power has been in use sixty days and 
promises to be in every way satisfactory. 

Mr. H. H, Suplee.—I have a few facts relating to this rope trans- 
mission very similar to the last one given by Mr. Dingee, which 
vame under my own observation about two or three years ago, and 
on which I had occasion to make a test. In the case to which I 
refer there were two pulleys of equal diameter, 30 inches diameter, 
situated not over 12 or 16 feet apart, horizontally, and there was a 
half-inch manilla rope passed around five times, the one rope con- 
tinuously passed around again and again ; precisely similar to that 
shown in Fig. 354, except that the idler there shown between the 
pulleys was omitted in this case. This idler was tilted at an angle 
sufficient to make its upper edge come in line with the one side of 
the multiple coil of rope and the other edge come in line with the 
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other side. The tilting of the idler pulley provided for the differ- 
ence in the position of the ropes. In this case the rope was one- 
half inch in diameter. In order to test it I put the indicator on 
the engine, and then, leaving all the other attachments the same, 
we proceeded to apply a brake, first taking the indicator card of 
the engine; the apparatus running with the ordinary load on, 
Then we continued to add load by putting a brake on the pulley 
on the driven shaft and continued to add resistance until the engine 
showed signs of distress, when a second card was taken. The dif- 
ference between the cards showed 19 horse power. The rope was 
running at a speed of nearly 1,300 lineal feet per minute. In this 
case the grooves were about one-third of a semi-circle of much 
larger radius than the rope, so that there was no wedging action 
whatever, and the number of coils had such a grip that there was 
no chance of slippage. In this transmission, with which I have 
had some experience, in every case it is easy to obtain the required 
grip by taking a sufficient number of coils, so that the question of 
slippage is entirely eliminated and the only thing to be attended 
to is the ultimate strength of the rope. A similar arrangement 
has been placed in the Studebacker Wagon Repository in Chicago, 
for a vertical transmission where they transmit over 80 horse power 
vertically, with two strands of rope from the ground to the top 
of the building. I neglected to say that these were wooden pul- 
leys, not iron pulleys. 

Mr. H. P. Minot.—1 have had a little experience in the rope 
business. I think Mr. Cooper has got the groove right with 
the exception that I would not have made it in the shape ofa 
parabola, as near as he has got it. I would take it straight from 
the top down. If you allow the rope to touch the bottom of the 
V it will slip. I do not approve of running two ropes, or three or 
four or five; I would not run but one. You all know it will not 
do to let a rope touch anything. The less obstructions you can 
have there the better. If you allow the two strands to touch one 
another they will soon become frayed and wear themselves out. 
You want to let it run just as freely as possible. My experience 
is that where you run several strands you cannot get them all to 
draw alike. I never have had good luck with iron wheels. 1 think 
wood is the best. An iron wheel will get smooth, so that the rope 
does not seem to drive well, The last one I put up had, I think, 
a 40-inch driver and the driven was 50 inches, and it worked very 
nicely. The only difficulty we have had is that the man who made 
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the splice simply tied a knot about the size of your arm. I do not 
think that is a good way to make a splice. I have one that has been 
running now fora year and a half. It has never given the least 
particle of trouble; but a great many, if they put sheaves or carrier 
pulleys underneath as we have, to get the rope around where you 
want it, they make them too heavy. I put wrought iron arms in 
my sheaves to make them light, and they should be smoothed out 
so that there are no rough projeciions to fray the rope out. But 
this side elevation at the bottom here I do not believe is a good 
way. No matter how I was going to run my rope, I would have 
the takeup move up and down. I have seen a good many rigged 
with a spring. A good many allow the sheave to turn or swing 
around and adapt itself to the rope. I do not think that that isa 
good plan. The rope will flop off. But by all means do not run 
the ropes together or allow them to touch each other. 

The President—I\l think Mr. Suplee referred to where the 
pulleys were so fixed that there was no possibility of different 
sections of the rope coming in contact with one another. I think 
also the heaviest rope driving apparatus we have in this country is 
at Wilkesbarre, where they use two-inch wire rope on a twenty 
foot drum. 

Mr. Suplee.—I wish to state in this particular case the experi- 
ment was first made with V grooves and also with grooves some- 
what similar to this one in the illustration, but the difficulty lay in 
the fact that the rope tended to wedge in the grooves and carry 
around with the pulley farther than it should. It came out with 
a quivering motion ; every time you could see the ropes carrying 
around more than the semi-circumference and then jumping sud- 
denly out of the grooves. But when the shallow grooves were substi- 
tuted and enough coils were made to give sufficient grip, it ran 
very much more easily, and there was much less wear on the rope. 
This pulling it out from the wedged condition in between the 
grooves rapidly wore the rope out. I might also mention that in 
this case the splice was made of rawhide; a short splice in the rope 
and then a splice of rawhide. The central thong was lapped 
around the splice of the rope and then the thongs that were left 
were worked one after another into the strands of the rope and the 
splice lasted as long as the rest of the rope. 

Mr. Minot.—That would depend on the angle of the groove. If 
you should put it at 3° or 4° or 5° we should expect the rope to 
draw into it too tight. 
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Mr. Suplee.—This angle was 43° in the first place. That is what 
is recommended by the English practice. 

Mr. O. A. Lanphear.—In our place we have a rope transmission, 
four ropes running parallel. We use 3” rope, running at a speed 
of 4,600 feet per minute. We have lately changed the pulleys. It 
was running at a speed of 3,450 feet per minute, and we found 
the rope wore out very rapidly and did not give general satisfac- 
tion. 

There is one thing I wish to remark about splicing. Almost 
every one advises a long splice. That is about the first thing they 
start out on—advising you to “use a long splice in your rope.” 
They tell you it wants to be from six to eight feet long, and longer 
in some cases. We have tried the long splice and also have had 
experts come there and say nothing else would do, and we have 
never had a single one hold any length of time. But on the con- 
trary, short splices about 18 or 20 inches long hold every time, and 
they are what ought to be used, in our judgment. 

Mr. Minot.—So far as I know, in Columbus, the grand difficulty 
with rope transmission has been on account of the splicing, and I 
am of the opinion that it is because they are improperly made. 
Now, when I was in good old Massachusetts I used to hear some 
of the sailors say that they could splice a rope so that it was exactly 
as good in the place where it was spliced as in any other. If so, 
the rope is as liable to give out anywhere as in the splice. There- 
fore, I attribute the giving out of the ropes there to the bad splic- 
ing. That has been my experience with the rope. I think Mr. 
Lanphear has already had some difficulty with his ropes in regard 
to the splicing. He knows about it better than men about my 
place. An old sailor will tell you a long splice is a proper splice 
to make for a rope to hold and to run through a tackle block on 
ship-board. The splice should not be larger than at any other 
point. I suppose it is possible to make a splice so that it is almost 
if not quite as good as at any other place. 

Mr. Geo. M. Bond.—I would like to ask if there is not an error 
in the second column. Should it not read 295 working stress of 
pounds on a two-inch rope, instead of 495% It is so large as com- 
pared with the two-and-a-half-inch rope. 

Mr. John H. Cooper.—I can only reply that this figure “495” is 
deduced from the data found in one of several articles on rope gear- 
ing which I have collected, which reads thus:—“It is given by 
reliable makers as for 2" rope, 15 horse power per 1,000 feet sur- 


| 
| 
| 
| 
| 
| 

j 

4 


TOPICAL DISCUSSIONS AND INTERCHANGE OF DATA, 711 


33,000 « 15 
1,000 
be an error in the original which I cannot now reach. I should, 


face velocity per minute.” Hence: = 495. There may 


however, recommend the avoidance of it as either an error or an 
extreme case. 

Mr. W. R. Warner.—It has occurred to some of the members 
here, that in making the long splice one strand is cut out and 
another one put in, while in making a short splice each strand is 
braided into the next one. In the former case the rope might be 
weaker than when not spliced at all, while in the latter the spliced 
portion is the strongest part. 

I wish Mr. Lanphear would give us some information on that 
point. 

Mr. Lanphear.—I believe the rope is cut away more in making 
the long splice than it is in making the short splice. There is 
some of the rope cut away in making the short splice, but it leaves 
the rope a little larger, but not very much, After it has run a 
little bit you can better distinguish the difference in size as the 
cable is passing from one pulley to another. In the long splice the 
trouble is that the long ends whip out, and when the ends once 
start to whip out it will ravel a whole splice out. But in a short 
splice the whole of the rope is interlaced in such a manner that if 
an end whips out it does not ravel out as it is still locked, and con- 
sequently the splice lasts longer. 

A company * which has put up a large number of rope trans- 
missions has always recommended the short splice. This they 
have always used with good success, but the long splice has not 
given satisfaction. Now this company recommends a new splice 
which they have recently invented. 

Mr. H. de B. Parsons.—I1 should like to say that in the making 
of a splice by sailors there is no cutting out of the rope at all; that 
is in making a long splice the strands are untwisted and the two 
parts brought together, at the same time a strand from one end 
is wrapped in the groove left by unwrapping a strand from the 
other end, and that is continued for half the length of the splice. 
Then another strand is unwrapped, and a second one wrapped in 
its place; and at the end of each operation, the ends are entwined 
over and under the strands in the rope, and worked in with the aid 
of a marlin-spike. In a short splice the same operation takes place 
as regards the entwining of the ends; but there is no unwrapping 


* Dodge Mfg. Co., Mishawak a, Ind. 
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and rewrapping of the strands. In other words the long splice 
properly made is not weakened by virtue of losing any of its parts. 
Where one part is removed, another part of the same size fills its 
place. The short splice is more clumsy in appearance, because 
there are more parts entwined together at one point. A hand- 
made splice cannot be quite so tight and smooth as the rope was 
originally, but by use it soon pulis itself into place. The actual 
place where the two ropes are joined, you cannot find if it is 
properly made. I myself made a splice of six feet in a bass fishing 
line, and the line finally broke at a place not in the splice. The 
splice you conld not see except at one end where it was a little 
rough. The long splice is stronger than the short one, since it 
affords greater length to hold by friction ; and being smoother than 
the short splice, it should pass the grooves in the pulleys. 

Mr, Minot.—I believe I know the principle of splicing rope, but 
I am not accustomed to handling it. A long splice on a rope, say 
three-quarters of an inch in diameter, should be about six feet. Of 
course there are six strands—three on the right hand end and three 
on the left. You put vour rope together and unwind one strand 
clear down for three feet. You take one strand from the other end 
and lay it right in, leaving anend say ten inches long. You unwind 
a second strand and lay the next one in. Then you take another 
one out and wind it along. A sailor would then take his knife and 
take the threads of the rope froin the under side and draw each 
one down separately, and when done it is almost impossible to find 
where the splice is. I have heard men offer to bet any amount of 
money that they could splice a rope so you could not tell where it 
was. You have got precisely the same material in one part of the 
rope as in another, except where you have these ends. I do not 
believe there is any use talking about the short splice having the 
durability of the long one, because you have not got length enough 
to hold the strands in place. 


No. 309-60, 


How do the recent results in fuel economy with high speed engines, compare 
with the results of slower speed engines with releasing gear—workmanship and 
design supposed equally good for both cases ? 


Mr, Geo. H. Barrus.—I suppose one object of this question is to 
learn the effect which an increase of speed has upon economy, 
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rather than the determination of the economy existing between 
high speed engines and slow speed engines, as ordinarily used. 

Most of the high speed engines are of relatively small size. They 
are seldom over 100 H. P. capacity. They are usually fitted with 
one valve and with a shaft governor which secures regulation by 
changing the point of cut-off, and this necessitates the introduction 
of conditions in the working of the steam, which are unfavorable 
to economy. Besides they have asa rule an excessive clearance, 
The slow speed engines usually have four valves, and they work 
under the best conditions for securing economical results, The 
comparison of the high speed with the slow speed engine, as com- 
monly built, therefore, determines the effect produced by changes 
in other conditions than the single one of speed. 

A comparison of this kind to be fair, should be between engines 
of about the same rated power. There are plenty of data in regard 
to the performance of slow speed engines of large size, but not so 
much which applies to engines of less than 100 H. P. 

I have a few cases of recent date which bear on the question, and 
which, so far as they go, may be of interest. The first is that of 
a high speed single valve engine of 40 rated horse power capacity. 
The diameter of the cylinder was 8 in., stroke 12 in., clearance 
16%, boiler pressure 82 lbs. With a mean effective pressure 
of 43 lbs. per sq. in., the consumption of feed water was 30.6 Ibs, 
per I. H. P. per hour, and the proportion of feed water accounted 
for by the diagram was 0.76. The cut-off was 38%, and the average 
power developed 39.4 H. P. When the load was reduced to 32 H. P., 
the consumption of feed water was increased to 31.5 Ibs., 0 68 of 
which was accounted for by the indicator. The speed of this 
engine was 300 rev. per min., and the steam was practically dry. 
The valve was a slide valve, having a balancing plate on the back, 

A second test was nade on a similar engine rated at 100 H. P., 
but in this case the engine hada piston valve. The diameter of 
the cylinder was 143 in., length of stroke 13 in., clearance 124%. 
The engine ran at a speed of 250 rev. per min. When the load 
was 81.7 H. P., corresponding to a mean effective pressure of 23.4 Ibs. 
per sq. in., the consumption of feed water was 32.7 lbs. per I. H. P. 
per hour, and of this quantity 66% was accounted for by the indica- 
tor. When the load was 50 H. P., which corresponds to a mean 
effective pressure of 18.3 lbs. per sq. in., the consumption of feed 
water was 34.1 lbs. per I. H. P. per hour, and of this quantity 60% 
was accounted for by the indicator, 
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The third case was that of a much smaller engine than either of 
these. The cylinder was 4} in. diameter, 5 in. stroke, and worked 
at a speed of 300 rev. per min. The engine had a piston valve 
controlled by an automatic shaft governor. The steam was gener- 
ated ina boiler having a considerable amount of steam-heating 
surface. With a boiler pressure of 124 lbs., and a load of 6.1 I. P., 
corresponding to 50.7 lbs. mean effective pressure, the consumption 
of feed water was 41 Ibs. per I. H. P. per hour. In this case the 
piston leaked to some extent. 

I have tested quite a number of high speed engines besides the 
ones here referred to, and I do not remember a single instance 
where the feed water consumption was less than 30 Ibs. per I. IH. P. 
per hour. In cases of slow speed engines having four valves, the 
rate of economy has been less than 30 lbs., especially where the 
engine was of considerable size. These remarks all apply to non- 
condensing engines. A 16 in. x 36 in. engine running 72 turns 
per minute, with 77 Ibs. boiler pressure, 32.9 Ibs. mean effective 
pressure, cutting off at 30% of the stroke, gave a consumption of 
29 lbs. of feed water per I. H. P. per hour, 81% of which was 
accounted for by the indicator. A 12 in. x 36 in. engine making 
73 turns per minute, with a boiler pressure of 90 Ibs., a mean 
effective pressure of 42 lbs. cutting off at one-third, gave 29.3 lbs. 
of feed water per I. H. P. per hour, 71% of which was accounted 
for by the indicator. A 23 in. x 60 in. engine working at 75 rev. 
per min., with a boiler pressure of 72 lbs., a mean effective pressure 
of 33 Ibs., entting off at 837%, gave 27.8 lbs. of feed water per I. H. P. 
per hour, 84% of which was accounted for by the indicator. A 28 
in. x 60 in. engine running 65 turns per minute under 100 lbs. 
boiler pressure, with a mean effective pressure of 41 lbs., cutting 
off at 31%, gave a consumption of 25.8 lbs. of feed water per I, H. 
P. per hour, 82% of which was accounted for by the indicator. 

In all these cases, the engines were tried for leakage, and the 
vaives and pistons found in a fairly tight condition. 

Prof. De Volson Wood.—lIf it should be shown, in the discus- 
sion of this question that there was greater fuel economy in the low 
speed engine, then I would like to know whether the greater first 
cost of such an engine would, in the course of fifteen years make 
it more economical than the high speed engine. 
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No. 309-61. 


‘What are the data derived from experience for the design of the paper 
covered friction driving gear used in the Northwest ?” 

Mr. Hl. H. Suplee.—The only data that I have been able to get on 
this subject is, that in the case of some of the large band-saw mills 
running in the Northwest, and some I believe running in the city of 
Nashville, in which a paper friction wheel driven by a four-inch 
belt, the friction wheel also being four inches face, that the friction 
was decidedly more powerful than the belt, and that if the machine 
was held so that the power was forced, the belt would slip or be 
thrown off before the friction would slip. 


No. 309-62. 

‘What is the best way to secure brass flanges to copper pipe of large diameter, 
where steam of at least 150 pounds pressure is to be carried?” 

Mr. A, F. Nagle.—The question would imply that there is a 
difference between brass flanges and copper pipes and ordinary iron 
flanged pipes. If a literal answer to the question is wanted, I 
cannot answer it. 

But if it refers to any form of flange fastening for large pipes, I 
can recommend a form of fastening which will hold well. 

I have in mind a 24-inch wrought iron steam pipe, lap riveted, 
and well riveted into a cast iron flange. 

The only special precaution observed was that the corner of the 
flange was well rounded so as to prevent shrinkage strains. 

Unless the pipe is riveted into the flange it is liable to pull out, 
and not only liable to happen, but I have known it to do so with 
disastrous effects. 

The President.—Do you mean a number of small rivets, or was 
the metal of the pipe turned over ¢ 

Mr, Nagle.-—Regular rivets, the same as you would rivet any 
transverse seam of a boiler. 


No. 309-63 and 64. 


To what extent does electro-plating reduce the temper of highly hardened 
steel ? 

Why does repeated bending of a long, thin piece of steel tend to draw its tem- 
per, when it has been hardened as hard as fire and water can make it, and will 
scratch glass? 


Mr. Jacob Reese.—I think this is a very important question. If 


there is any one present who has any data on the subject, I would 
46 
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be very glad to hear them. It is an important thing and it might 
lead to some very interesting thought, if any one has the data. I 
have not myself. 

Mr. H. B. Gale.—I would like to ask whether any one has the 
evidence that the temper is affected at all by electro-plating ¢ 

Mr. Reese.—When | saw the topic there, I thought that some 
person had the data. It is very likely that it would produce such 
a result, and if so, it is a very important thing. It would give 
rise to very important matter if any of the members had such data, 
I think it possible that such a result could take place, although I 
have no data whatever, and it is new to me entirely. 

Mr. E. S. Cobb.—I would like to ask Mr. Reese why he thinks 
such a condition could take place. All I ever heard about redue- 
ing the temper of steel, required that it should be done by some 
form of heat ; meaning by temper a condition of hardness, and not 
temper as meaning a percentage of carbon. Perhaps I may be 
mistaken in the question to that extent. I took this to mean a 
degree of hardness due to the sudden cooling. If that be the con- 
dition of temper considered here I do not see how electro-plating 
could possibly affect it, unless the electro-plating be done by some 
method of heating with which I am not acquainted. Electro-plating, 
I believe, is generally done in a bath. I do not see how that could 
affect the temper of steel. If it does affect it, it would be a piece 
of interesting information to know that. 

Mr, Reese.—It is a new thing to me, and I thought at the earliest 
opportunity I would make the test myself; but coming here I 
thought that the gentleman presenting the question had the data. 
I agree with the last gentleman. What is heat? Temperature is 
the measure of molecular velocity as weight is the measure of 
matter, and the electrical action there would increase the molecular 
activity and vause a readjustment of the molecules that had been 
placed in an abnormal position at the extraordinary cooling. I 
know by the production of certain phenomena in testing metals 
that the molecule is of the same general shape as the earth, with a 
short axis at its electric pole and a long axis at its equator. Its 
equatorial line is longer than its electric line, and in the act of 
chilling or tempering the electric axis of the molecules is adjusted 
on the line of the cooling so that they all point upwards to the 
surface of the cooling, while their normal condition would be in 
the other direction. I made some experiments some years ago, 
which were very interesting in this line, and I hope to renew them 
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so that I could give them to the society. But unfortunately, after 
building a machine which was about 40,000 pounds in weight, 12 
or 15 feet long, 4 feet wide, and 3 or 4 feet in height, as I now 
remember, at considerable cost, and producing certain phenomena 
which I will now give to you, the investigation had to be aban- 
doned. I took a bar of round, Hussey, Howe & Co.’s steel, of 
100,000 pounds tensile strength and of one inch diameter, as near 
as they could get it. It was rolled through the grooves back and 
forward in the way that steel is generally rolled, the groove not 
being generally round, but having a number of flat faces. The steel, 
instead of measuring an inch in diameter, measured with my deli- 
cate instrument 1;}%5 inches. Now, I argued that if the mole- 
cules had a long axis they would be drawn out on a line with the 
length of the bar. Prof. Barker, of the University of Pennsylvania, 
said: “ Why, my dear sir, do you know what you are talking 
about ¢” Said I, “ Not altogether, but I am working in that line.” 
Said he, “ Do you know how many molecules there are in a cubic 
centimeter of any gas?” Said I, ‘I don’t know, but I take it for 
granted what Sir William Thompson and Prof. Helmholtz have 
given us, that there are nineteen million million million molecules in 
a cubic centimeter of any gas in normal condition.” But it doesn’t 
matter how many there are. If they have a long axis and a shorter 
one, the length of the molecule will be pulled out by the operation 
of rolling in that direction. To determine whether that was eo I 
proposed to jerk these molecules around the other way so quick 
that they could not get back to their normal condition before I got 
through with them, and I built this large machine, and put them 
under a pressure of 392,000 pounds. I ran the bar into the machine 
cold, at a temperature of 60°, and ran it around 800 revolutions a 
minute, and caused it to pass through at the rate of 12 feet in a 
minute. It raised a laugh wherever I have told the story, and I 
will excuse you for doing the same thing. I put the bar in with a 
scale on, 1,425 inches in diameter, with the most delicate and most 
accurate instrument made in the country to determine it, and it 
came out as bright as nickel-plated ware. I put it in at 60° and it 
came out quite hot in less than half a minute—so hot that it would 
burn your hands. It came ont 1;}%5 inches in diameter and the 
brightest thing I ever saw—the most splendid thing that was ever 
seen by living man. Mr. Metcalf, who is an expert in steel, came 
to the office and looked at it. He said, “ Why, you are nickel- 
plating here.’ He put his hand in his pocket and pulled out a 
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sewing machine plate, and he went up and says, “ Reese, who does 
this work? It is more beautiful than mine.” I said, “ There is no 
nickel on that.” He called Mr. Hemphill in. He said, “ Reese 
says that is not nickel-plated.”. Mr. Hemphill said, “It is not; that 
is bar steel.” Mr. Metcalf said, “I cannot believe it.” TI said, 
“ Come into the shop and put it through yourself.” We took him 
in the shop and showed him the machine in operation. I want 
to duplicate the test a little farther and measure the work with a 
better instrument so that I may be sure that I could tell you that I 
had determined the shape of the molecule while Sir William 
Thompson and Prof. Helmholtz had determined the number of 
the molecules, but unfortunately I have not been able to do so yet. 

By that means I have determined for my own satisfaction that 
there is a shorter and longer axis to the molecule the shorter one 
is the electric axis, and when you put in the electric bath a piece 
of steel, highly tempered, you heat it—just the same thing; because 
heat is a phenomenal measure of molecular velocity as weight is 
the measure of matter. You put the molecules to a high tension 
and motion, so that they adjust themselves and get into their 
normal state. 

Mr. Wm. Kent.—I1 do not think it right that Mr. Reese’s state- 
ment that the bar increased in size should go with the statement 
that it was due to the change of the molecules. Mr. Mannesmann 
does the same thing in Germany, with steel increasing the diam- 
eter. He puts a hole 4 inches in diameter through the bar. 

Mr. Reese.—We have got those bars in every shape and manner 
perfectly solid. I have those bars in my office, and I ask the 
gentlemen to come there and test them, and I will pay the expense 
if they can find any porosity in the center. There is no hole in 
this thing. It is a solid fact I am telling you. 

Mr. J.T. Hawkins.—As it does not seein to be a settled fact in the 
first place as to whether the electro-plating does disturb the temper 
of the steel, I do not know that we can get very much more out of 
the question. But it seems to me that it is not at all unlikely that 
something of the same kind may occur with thin steel strips ; 
whether it would or not in Jarger bodies 1 do not know. But I 
remember some things that occurred in the treatment of small 
steel strips which would indicate that something of the kind might 
occur in the electro-plating bath. I had to treat some strips of 
tempered hoop-skirt wire, which, when soldered, were to go in a 
bunch around a centrally bound wire. The usual method of 
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preparing such things for soldering is to dip them in a saturated 
solution of zine chloride, and that method was adopted. I found 
in putting such strips in this zine chloride, that if they were 
allowed to stay in there over, say, one minute, or at least if they 
stood as long as five minutes, they would become very rotten. I 
had to be very careful how Jong I left them in the zine chloride. 
The solution was simply the saturation of zine in dilute hydro- 
chlorie acid. It is a certain fact that tempered steel] when allowed 
to remain in such a solution over five minutes or anywhere nearly 
approaching that time, becomes as brittle as glass. One could take 
them in their fingers and nip them off with the finger nails after 
that time. It occurred to me that possibly some of tlie electro- 
plating solutions may be chlorides and contain hydrochloric acid, 
and that some such action as that might take place. 

Mr. Reese.—I think that arose from another cause. The electric 
action there sets hydrogen free and it is occluded in the metal. 
I have produced metal that has had a large occlusion of hydrogen 
in, and have taken an eighth of an inch hoop which you could 
break with your hand. The hydrogen occluded forces outward, so 
that the iron becomes very brittle. I think that is the cause of 
the effect my friend speaks of. 

Mr. Geo. R. Stetson—I am prepared to believe almost anything 
that any member might state as to what takes place in steel. I 
should expect the author of that question would have had some ex- 
periments. I have an idea, however, that electrical action on a 
piece of steel might facilitate or cause a rearrangement of the mole- 
cules in the steel. Iam a thorough believer in the fact—at least 
I believe it is the fact—that steel is not a metal which lies still a 
great while within itself. We have too much experience in the 
fact that our gauges require readjustment. A week ago to-day I 
had one of the most remarkable facts presented in that way. I 
was anxious to come to this meeting and was hurrying up some 
experiments in drill making, At about 3 o’clock I gave orders for 
the reduction of a piece of forged steel, 1{ inches to the proper 
diameter for the shank of a large drill 1} inches. The blacksmith 
reduced it at a heat that was proper as indicated by the fracture, 
but in our anxiety to work with the steel, he dipped it so that he 
could handle it. The workmen worked on that piece of steel until 
night, having it in their hands several times. At night they put 
the steel on the machine, but it had not been tempered; it was 
just as it left the hands of the blacksmith. In the morning that 
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steel was about 5 inches long and about 14 inches of the stub end 
connected with the 1] inch end was left, but the other part of the 
steel was lying on the floor and was as bright and clean and _ per- 
fectly fractured as ever was seen and as regular as could be; that 
is, the circle was as nice as if that piece had been centered and cut 
off ina lathe. Ifthere had beenany appearance of a blow-hole or 
seam, or anything of that kind in the steel, I should have felt that 
we had a partial solution of that phenomenon, but it was a per- 
fectly clean and brilliant fracture. I took the piece of steel to see 
if it had been cooled so as to produce a temper, and it had not. 
I meant to have brought that piece of steel here, but it is a good 
way to bring two or three pounds of steel, and yon have to take 
it on my statement. It is a fact without any explanation what- 
ever. This strain was going on for hours and during some time in 
the night that steel exploded and it was in those two parts. In 
our manufacturing of tools it is not uncommon for us to have tools 
to break in four or five hours, or a day or two from the time that 
they are tempered, and we have gone so far as to send ont what 
we supposed to be a perfect shell reamer of five inches in diameter 
or thereabouts and have it returned by the indignant receiver with 
a request to be informed why we sent such imperfect tools, and he 
had good reason, as the reamer was broken square in the center. 
So I believe that the molecules of steel are adjusting themselves 
constantly, and under certain strains it goes on for years. By 
keeping an accurate record of your standard ganges you find it is 
sometimes necessary to readjust a gauge, tliat they will not work 
at the end of a year or six months as they did before. This phe- 
nomenal pulling of the steel showed me an action that was beyond 
anything that we have the means of determining. If a person 
could say that the temper was reduced by the action of nickle- 
plating, I should explain that as being due to the conditions that 
allowed the steel to fall into certain lines and change the relation 
of one molecule with another, and I think that perhaps it would 
be well to follow ont and find out whether that is a fact or not. 
I should on general principles, say it was not a fact, but if a man 
said it was, I am prepared to believe it. 

Prof. Hutton.—I might say that this is a fact. These two ques- 
tions came to me from one of the New York members, and he 
simply states his experience, that the electro-plating of a piece of 
steel did produce this effect. It softened the steel. Now he 
wants to know why. Those two questions 63 and 64, both on the 
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effect of the hardening of steel, came from him, and he asks why. 
They are both of them facts, and it remains for a solution to be 
found. 

I might supplement what Mr, Hawkins has said in reference to 
the effect of azine solution by stating that some recent experiments 
which I had the occasion to make, showed that the process of galvan- 
izing either iron wire or iron pipe made the galvanized wire or pipe, 
when it was properly done, weaker than the plain wire or pipe, 
although it had apparently a greater cross section. It was the 
same in both iron wireand iron pipe. The solution which I offered 
was either that there was excessive action of the pickling acid or 
that the acid had not been thoroughly removed in the cleansing of 
the scale before the zine coating was applied. 

Mr. Stetson.—In regard to the tools that burst, it is generally 
the case that we can find the appearance of an air bubble that has 
been elongated and rolled out, but why there should be power 
enough in a little spot of that kind to rend asunder a solid tap of 
three or four inches, which is very frequently done, and which 
would represent thousands of pounds of strain, is what I do not 
understand. But there is some power locked up inside there in 
those imperfections that will rend the tools very frequently, and in 
a very great number of the losses of the year, we see this defect in 
the steel, but we are at a loss toaccount for the power that any such 
defect should have. But in such cases as that I cited of soft steel, 
I do not know that I have seen many of those phenomena, and 
there was no imperfection in the steel, there was no air bubble or 
anything of that kind. It was a perfectly clean fracture. It was a 
soft piece of steel and good steel too. 

Mr. A. F. Nagle.—That peculiar action is by no means confined 
to steel. I have known a square glass inkstand to break in a clean 
sharp line diagonally across. 

Mr. Reese.—I presume that we all admit and understand some- 
thing of the science of molecular physics. Now, one of the mem- 
bers says he cannot see how a power could get in there to break 
that steel asunder. Now, that bar of steel is not a continuous 
body; it may be physically divided. The end of the physical 
division is the molecule. The molecule may be divided by chem- 
ical action; the end of the chemical action is the atom. Atoms 
per se are inert. Their power and energy are derived from the 
physical forces they are endowed with. Consequently when you 
break a piece of iron by tensile strain you do not rupture the iron 
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per se; you merely pull the molecules apart. When the tensile 
strength of steel is 100,000 pounds to the square inch, the 100,000 
pounds is the strength which is necessary to rapture the physical 
force that holds the molecules of the bar together, the same as you 
put a bar of iron against a magnet and you have to pull it to get it 
away; itisthe samething. These are little magnets—millions and 
millions of them, and it is those that you pull apart. It is easy to 
be seen if that is the case why you are interfering with those 
physical forces there. When you produce what we call a strain, it 
is a disarrangement of the molecules, so that they lose their power 
on each other. For instance, if their power is in any given line, and 
you throw them across the line, why, you disarrange them, and you 
have that phenomenon in a sheet of iron which, while it may have 
60,000 pounds strength lengthwise, it may not have more than 
42,000 pounds when you take it across the grain as we call it. 

Mr. H. P. Minot.—I would like to ask Mr. Reese if this bar 
that enlarged grew any shorter during that operation. 

Mr, Reese—Not a bit shorter; but I will tell you what it did 
do. If you puta lot of eggs lengthwise one after the other and 
you turn them around, you increase the distance between the eggs, 
don’t you?) The bars became weaker because the pores between 
the molecules were enlarged. The strength was reduced 2,750 
pounds to the square inch. The ductility was increased. 

Mr. Minot.—I have found that by heating cast iron pieces, or 
something of that kind, that they are about as apt to shorten as they 
are to lengthen. I did not know but that in this case he might 
have shortened it up and have the same amount of metal there but 
in a different shape. F 

Mr. Reese.—I know of no case where, if you heat a bar and ex- 
pand it, after it cools it will be shorter than before. 

Mr. O. A. Lanphear.—Some of the experiences related here in 
regard to steel put me in mind of the deep waters that I have 
been going through recently on the subject in the hardening of 
large pieces of steel—pieces which would weigh froin 50 to 150 
pounds, and in some cases 200 pounds. We have had them break 
under conditions where it was least expected. I remember one 
case just now of a die that weighed perhaps 75 pounds breaking 
two weeks after hardening. A pair of dies had been hardened, 
temper being very slightly drawn. The dies were laid in the 
shop on a bench, a ray of sunlight falling on one of those dies for 
a few minutes, it exploded like a pistol, one-half of the die flying 
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up against the ceiling and falling back on the bench. That die 
was perfectly sound to all appearances. There was no place in the 
center of the die or anywhere that looked as though the steel had 
been improperly melted or that there might have been piping. 
We have had them break at times, all the way from a few minutes 
—broken in some cases before they would come out of the water— 
up to two or three weeks after hardening. But we think we have 
got a clue toa good portion of the breaking. It is in the improper 
annealing. We have found the breakages confined to a number of 
bars of steel which we have used that have been annealed by the 
makers, and I feel very sure in saying that some of them, at least, 
were improperly annealed. We are carrying out a system of 
records at the present time to demonstrate whether this is the fact. 
We found also a large number of pieces of steel on which the steel- 
makers were unable, after the dies had been tempered and broken, 
to tell whether the defect that showed in the die was on account 
of piping, improper melting, or something else that they knew 
nothing at all about. They freely confessed that they did not 
know what the trouble was. 

Mr. J. T. Hawkins.—I\ think it is not necessary for us to go into 
the molecular constitution of steel to explain the most of the phe- 
nomena which have been mentioned here to-night, in connection 
with the fracturing of large pieces of steel that have been tempered 
or hardened. So long as it remains a question whether there are 
any molecules or atoms in steel or in any other substance, or what 
the ultimate constitution of matter is; so long as it is a disputed 
question whether or not there is really any such thing as matter, it 
would seem to be quite unprofitable to attempt to explain certain 
peculiarities of steel in any way involving its molecular or ulti- 
mate constitution. I think we are rather more likely to lose 
ground by attempting to explain the phenomena in any such way 
than we would be by observing the more familiar phenomena 
themselves which we know appear in connection with it. In the 
first place, I think that you will all admit that these fractures of 
tempered steel occur only in large pieces. I think none of us have 
any experience of small taps or small drills or any small pieces 
hardened and afterwards drawn and tempered, fracturing, after 
they are laid by or during the process. It almost invariably 
occurs in large pieces. Perhaps the most familiar instance is in 
the making of silversmiths’ rolls. They give out probably oftener 
than any other piece of mechanism that is constructed of that 
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material. Now, it seems to me that it is pretty easily explainable 
upon ordinary methods of reasoning; that is, for the same reason 
that we have internal strains in an iron casting. In hardening a 
large piece of steel it must be admitted that it is impossible to cooi 
it throughout its whole substance at the same time; that the ex- 
terior becomes cool first. We must also admit that small pieces 
of steel which can be hardened throughout almost instantaneously, 
increase in volume when hardening, in ninety-nine ‘cases out of 
one hundred if not invariably. A small piece of tool steel, merely 
hardened, will invariably increase in volume. If that is the effect 
of hardening upon steel in small pieces, the effect in a large piece 
of steel is that it produces that swelling or increase of volume on 
the exterior and that the increase takes place before the interior 
can be affected, and produces a state of things in such pieces of 
steel similar to what we have in iron castings where they have 
members of unequal volume and which may cool at different rates. 
I think that is the true solution of all breakages in large hardened 
pieces of steel. Because such a piece has had the opportunity in 
hardening to increase its volume in the exterior portion before the 
interior portion can have produced upon it the same effect, it is left 
under conditions of internal strain that finally rupture it. 

Mr. W. 8. Rogers.--I have been feeling lonesome on that subject 
for the last four years until to-night. About four years ago the 
firm with which I was connected had occasion to use several thou- 
sand small steel plates. They averaged about ;'y of an inch thick, 
and 12 to 15 inches long, and about 2? inches wide at each end, 
and an inch wide in the center. They were supposed to be spring 
steel. They wanted to use spring steel. They were to be nickel 
plated. The firm got the steel from, I think, the house in Pitts- 
burgh from which Mr. Reese got his bar steel, and they came to 
us polished bright and they were very stiff and springy. After 
they came back from the nickel plater’s they could be bent double 
and bent in different shapes. The firm abandoned the use of spring 
steel and commenced using soft steel. I always had a sneaking 
sort of suspicion that nickel plating did that business. I went 
down to the nickel plater and he told me that I was a fuol. I did 
not know but what he was right, and I have not said a word about 
it since. 

Mr. J. W. Cole.—Some ten years ago Mr. George Banister, then 
foreman with Brown, Hinman & Co., Columbus, O., obtained a 
patent for a special method of heating and hardening steel by means 
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of metal baths. His bath for treating forks, for instance, was com- 
posed of two parts tin to one of lead. 

The claim in his patent * is “ the process of hardening and tem- 
pering steel at one operation, which consists in heating it to the 
degree required for hardening by ordinary methods, and immers- 
ing it while so heated in a molten metal bath, and retaining it 
therein substantially as set forth,” ¢.¢., until the steel to be tem- 
pered is reduced in temperature to nearly that of the bath. Ban- 
ister varied his baths, using one of three parts tin and two of lead; 
also a special chilling bath for giving a very hard temper of eight 
tin, four Iead and one and a half mercury, though the last one 
vaporized too readily for general use, but fine steel hardened in it 
could scratch glass. 

Upon his ordinary baths he used fine bituminous coal to prevent 
oxidation. Mr. Banister, owing to some infraction of prison 
rules, lost his position, went to New England, and I had no longer 
opportunity to note his practice. My impression is, however, that 
his process left the steel in less strain from shrinkage in cooling 
than the ordinary methods of tempering. 

I find I have no memoranda of any trial of heating in a lead 
bath, and hardening in one of lead and tin, so cannot state posi- 
tively whether tests of that plan were made, though they were in 
contemplation. I find that Banister’s work was mostly done as his 
patent claims, “ by heating the steel by the ordinary methods and 
then hardening in his molten metal bath” (two parts tin and one 
part lead). For the sake of the description, I quote from his 
patent papers as follows: 

“The process consists, generally stated, in hardening and tem- 
pering steel at one operation by means of a metal bath, as herein- 
after deseribed. 

* The process is applied to steel forgings, such as springs and cut- 
ting and other tools, but is particularly suitable and efficacious in 
the case of the former—to wit, springs. 

“Tn practicing my process, I first heat the springs or tools to a 
cherry red, and then immerse them in a metal bath—namely, a 
bath of melted lead and tin—and allow them to remain therein for 
a short time. It matters not if they remain a long time—say 
several hours—since the effect is the same as it would be if they 
remain a short time—say a few seconds. It is only necessary that 
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they shall not, in most cases at least, be instantly withdrawn from 
the bath. 

“Springs for various uses require a lower temper than most, if 
not all, other articles, and edge-tools require a comparatively high 
one. To harden and temper springs, the bath of melted tin and 
lead must have a high degree of heat; but for edge-tools the bath 
requires to be heated to a less degree, the principle being that the 
lower the temper the higher the heat required, and, vice versa, the 
higher the temperature the lower must be the temper. 

“The temperature of the metal bath may be determined and regu- 
lated by means of any suitable instrument; but I find that in 
practice none is requisite, since the judgment of the workman 
enables him to readily ascertain the temperature. The tempera- 
ture of the bath, in fact, requires to be the same as in the usual 
process of hardening metals preparatory to drawing the temper, or 
softening them by subsequent application of heat. 

“T am aware steel has been hardened and tempered at once by 
heating it and plunging it into a bath of water or oil ; and, further- 
more, that metal baths, both lead and tin, and their alloys, have 
been used as hardening-baths previously to tempering and as tem- 
pering-baths subsequent to hardening. 

“The ac vantages I claim for my invention are: First, it will im- 
part to steel implements a more uniform and better temper ; second, 
it saves the loss now occasioned by steel implements warping and 
cracking in the process of hardening; third, steel tempered by this 
process, after it leaves the metal bath, is more pliable, and any de- 
fects in shape can be more easily corrected, than in steel tempered 
by the old process; fourth, this process saves time and the expense 
of keeping up a bath for the purpose of hardening the steel before 
it is tempered.” 

Mr. Lanphear.—I have no desire to prolong this discussion. I 
would just like to add a word in explanation of what Mr. Haw- 
kins has said in regard to the expansion of steel in hardening. I 
took two pieces of steel, approximately six-inch cubes, having cut 
them from a bar which had not been annealed. Having squared 
them up—they were soft enough to square up—annealed and 
tempered them and annealed them again and tempered them 
again, at each time squaring them up so as to find how much 
the bulge was on each of the sides of the cubes. I found that 
when the pieces of steel had been thoroughly annealed that you 
could harden them and the faces of the cubes would not be- 
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come convex at all. Therefore I concluded from that and from 
my other experiments, that after steel is thoroughly annealed ; if 
the molecules of the steel are allowed to come toa free and natural 
position before the tempering takes place, that there will not be so 
much danger of the steel breaking, neither will there be so much 
springing of the steel after it is tempered, and also there will not 
be so much expansion of the metal. I have made some experi- 
ments that sustain this belief, but I have not the data at hand. 

Mr. W. W. Dingee.—Possibly the molecular motion of the thin 
blade of hardened steel caused by repeated bending may correspond 
to the same movement caused by heat and if so, be competent to re- 
duce the temper of the steel and render it soft. 

Mr. Wm. Kent.—1 think this discussion of the peculiar phe- 
nomena exhibited in steel, is so very interesting, that we ought to 
have some day a sort of symposium presented by the members of 
this Society on steel phenomena. Each member can contribute, 
say, half a page, describing some peculiar phenomena he has wit- 
nessed, bringing facts, not theories. That will add to the amount 
of our knowledge on steel, and lead to some true or some better 
theory of these peculiar phenomena. I make the suggestion for 
the next topical discussions for the next mecting. 


No. 309-65. 


‘* How much should be removed from the edges of punched or sheared steel 
plate to cut away the injured metal?” 


Mr. J. T, Hawkins.—1 think I may be able to throw a little 
light on that question by describing some experiments made by 
myself. Although it would not appear at first sight to be very 
germane to the question, I think upon a little further examination 
it may appear to have a very important bearing upon it, and it 
may result in suggesting a possible means of arriving at a correct 
answer to the question, as regards boiler plates. The experiments 
that I am going to describe were not made upon boiler plates, but 
upon very much thinner material. The sketches here shown illus- 
trate the construction of a steel belt with which the experiments 
in question were made, This belt was constructed of short strips 
of sheet-steel connected as shown in Figs. 355 and 356 in plan and 
elevation ; the cross strips connecting the longitudinal ones together 
as shown. At each junction is a rivet 7, extending through a 
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wooden cone g. These cones run in corresponding conical depres- 
sions in the pulleys properly spaced. The longitudinal strips, 
before they were made up into the belt, were bent to a curve cor- 
responding to twice the diameter of the smaller pulley, as in Fig. 


Fre, 355. 
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357, in which the smaller circle represents the smaller pulley, and 
the larger circle the belt, so that its permanent set would leave it 
in such a condition that it would be flexed in conforming to the 
pulley, equal to the amount of flexure it would receive in straight- 
ening while passing from one to the other pulley. The strips, in 
the first experiment, were cut from sheet-steel No. 20, Stubs’ 
gauge, one inch wide, with shears and without any other prepara- 
tion than drilling the holes and rounding off the ends of both the 
cross and longitudinal pieces, they were riveted together as shown. 
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No disturbance was made of the original edges as left by the shears. 
The steel was cut just as it came from the rolls, having a consider- 
able temper in it, due to its rolling, but not tempered by any other 
means. In the first experiment, it was found that, in running a 
belt over a 24-inch pulley at about 900 feet per minute, inside of 
an hour it began to give out by cracks appearing at the edges of 
the longitudinal strips. In the experiments I set out to make, this 
was a great disappointment. I let it run, however, until a number 
of the strips broke through, the cracks just described traveling, in 
time, entirely across the strip. For instance, one strip would break 
at a, another at b, Fig. 356, and until all three strips broke at some 
place between two adjoining cross strips, the belt continued to 
hang together. An examination of the strips under a magnifying 
glass, atter having run as above, showed that the action of the 
shears on them was to initiate little cracks along the edges, some- 
thing as shown in dotted lines, Fig. 358, and the full lines, Fig. 359, 
and the continued flexure of the strips made those cracks grad- 
ually creep across them. I concluded that the best thing to do 
would be to remove from the edges of the strips a certain amount 
of the metal shown as disintegrated by the shears. I tried several 
experiments in removing varying quantities from tle edges, by 
grinding, and found that, while the removal of any amount, how- 
ever small, increased their life, I could not escape the cracking 
entirely until I removed an amount equal to half the thickness of 
the material. Referring to Figs. 358 and 359 (Fig. 358 being a 
cross section, and 359 a plan, of one edge of such a strip, greatly 
enlarged), I found that, in order to run it for any considerable time 
without any of those cracks extending, I had to remove an amount 
equal to half the thickness, as indicated by the dotted line cc, Figs. 
358 and 359, and then it would run for several weeks. But even 
under that condition I would find, at the end of several weeks, a 
strip here and there with a crack appearing in one of its edges. 
My next experiment was to round off the edges, and make the 
rounding-off by grinding longitudinally of the strips; and in that 
way I found that I need remove no more from the central portion 
at d (Fig. 358) than just enough to mark it by the emery-wheel or 
grindstone ; and, so long as the marks were longitudinal and the 
strips rounded on the edge so as to correspond in form to one-half 
of a wire, in the form shown in section, Fig. 358, it would run for 
an indefinite period. I finally made a belt of five strands, of an 
inch and a quarter wide, No. 20 steel, running over a 36-inch 
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pulley for the smaller one, and put it at work in the American 
Institute Fair of 1877 as a main driver; and it drove about one- 
half of the machinery over three months, running at about 900 feet 
per minute, without sign of fracture or crack. 

Now, it occurred to me that, in view of this experience, it would 
be a good idea to test boiler-plates in some such way. If the 
action of shears on thick plates, such as boiler iron or steel, con- 
forms to the conditions shown for the thin steel strip, it can be 
determined by subjecting strips of boiler-plate to repeated flexure 
within its elastic limit. I would suggest that some apparatus 
might be constructed by which we could take the boiler-plate and 
flex, or vibrate, it within its elastie limit, and that such action 
should show cracks uppearing in it similar to those found in the 
steel strips, if we had not removed sufficient metal to take away all 
that which was disturbed by the shears, This plan could hardly 
apply, however, to a determination of the effect produced upon, or 
injury done to,a plate by punching. As punching is, however, 
not done nowadays on thick plates, this is of less consequence. 

Mr. J. H. Cooper.—It is stated in Shock’s * Steam Boilers,” “ The 
zone of injured metal does not extend further than 4 inch from the 
hole, which may be entirely removed by drilling or annealing.” 

* A. ©. Kirk states that when the diameter of the holes is three 
times the thickness of the plates or greater, the injurious effect of 
punching is inappreciable.” 

“ By making the die-hole larger than the punch a taper hole is 
produced in the plate, and the punching can be done with less ex- 
penditure of power and with less strain on the plate.” 

“ Sellers determine the diameter of the die-hole by adding two 
tenths the thickness of the plate to the diameter of the punch.” 

“ Plates should be punched from the contact sides of the sheets 
at the joints, and then if seaming be necessary, less metal must be 
removed to make the holes even, this method does most good 
work in the making of a plate joint at least expense.” 

“The action of the punch is to strain, disturb and compress the 
metal surrounding it. This induces initial stresses in an annulus 
of metal around the hole, and very probably also, as M. Barba 
thinks, alters its power of elongation, reaching in some cases 20 to 
3) per cent.” 

Mr. H. H. Supplee-—In support of Mr. Hawkins’s statements 
about steel strips I would say that in the manufacture of band-saw 
blades it is the practice, and it has been found very necessary, to 
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examine each blade thoroughly with a glass along the edges, after 
it is sheared from the strip. Defects are almost invariably revealed 
by this examination, and the back of the plate must be ground 
away until the deepest cracks have been ground out before the 
blade is considered fit to be sent out and used; in repairing saws, 
also, it is always customary to examine them at every point on 
their edge with a glass to discover just such cracks, 

Mr. Wm. Kent.—I believe that the fear of the damage done to 
steel plates by shearing the edges and by punching holes is much 
less than it used to be some ten or fifteen years ago. Then we 
heard of the great danger of a plate going into a boiler which had 
the sheared edges not trimmed off, and the holes punched and not 
drilled. Now, we hear less of it, and the reason no doubt is that 
now we are using very much softer steel, and the softer the steel is 
the less damage the shearing and the punching appear to cause. 
In very soft fire-box steel we can take an ordinary sheared strip 
two inches wide and bend it double, flat, either hot or cold or after 
tempering, and it will not crack across the hammered-down edge. 
But if we take a little higher carbon, say .20 or .22 carbon steel, it 
will almost invariably crack clear across ; while with some steel, if 
the sheared edge was shaved off it would bend double cold. That 
is also confirmatory of what has been said about saw plates—that 
the danger is very great with high carbon steel. The danger is 
scarcely anything in the softest steels. 

Mr. Hawkins.—I1 would like to ask Mr. Suplee if they make 
any provision in band-saws, in the bottoms of the teeth, so that 
that side of the plates does not partake of the conditions I described 
in the case of a belt. It would seem to me that the teeth on one 
edge of the band-saw ought to present precisely the objectionable 
condition I found from the shearing, if no provision is made for 
removing a portion of the metal disintegrated by the action of the 
punch. 

Mr. Suplee.—The teeth are first punched out and then ground 
out over their entire outline, with an emery wheel which has rounded 
edges, operated by special machinery and when band.saws do 
break they nearly always break at the root of the tooth where the 
crack has not been ground out. 

Mr, C. L. Huston.—There is one question I would like to ask, 
if any one has any way of explaining it. It is often noticed in 
shearing soft boiler plate steel more particularly, that peculiar 


curved lines will appear on the surface of the plate, Fig. 360, 
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starting nearly parallel with the line of shearing and curving off, 


‘ running sometimes as far as three or four inches—even more than 


that, depending on the thickness of the plate—running as far, 
sometimes, as six inches away from the edge of the plate. What 
does that indicate? Is it an injury to the metal ? 

I think it has been noticed that the softer the boiler plate steel 


Fie. 860. 


the farther those lines will run in—just showing the breaking of 
the scale—of the finishing scale on the plate. 

Mr. Jacob R. Reese—Uave you ever ground a plate off and 
polished it and discovered those lines, or are they due to thie 
loosening up of the scale ? 

Mr. Huston.—I have never tried anything of the kind. But it 
does not showin iron. In iron plates, finished in the same nian- 
ner the same thickness, those lines do not appear. 

Mr. Reese.-—No; the oxide is of a different nature. There is a 
little difference in the oxides of the iron and the steel. 

Mr. E. 8. Cobb.—I would like to ask what direction that plate 
was sheared from when the lines were indicated as upon the 
board 

Mr. Huston.—I cannot say positively, but my recollection is 
that it ran from the left end to the right. 

The President.—It is common on all steel plates. 

Mr. Huston.—I think so. 

Mr. Nagle.— How far did those lines extend 4 

Mr. Huston. They vary with the thickness of the plate, and the 


Fig, 361. 


character of the shear blades, too, has some effect on it. I think 
sometimes I have seen them in very heavy plates—plates an inch 
or more in thickness, where they ran in, six or eight inches. 
Another thing I thought of in connection with the injury to the 
plate, in shearing off the plate, to make an enlarged section of it, 
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Fig. 361. It leaves the plate somewhat in that shape, and in taking 
those strips sheared from the edge of the plate for bending tests, 
I found that it was always best to bend them with the side having 
the rounding corner out. Bending this other side out, even if the 
sharp corner is ground off to the same curve, will not be as satis. 
factory. The fibre seems to be pointed out in that direction. So 
that in this matter of rounding off the edges it will make a differ- 
ence whether it was the edge that had been originally rounded by 
the shears or the sharp edge. There should be more taken off the 
sharp corner, to remove injured metal, particularly, in a thick 
piece. 

By the aid of a micrometer caliper it may often be observed that 
there is a diminution of thickness to a greater or a less distance 
back from the sheared edge, extending beyond where the plate 
bears on the shear blade, due to the pinching effect of the shears. 

In our preparation of test pieces for tensile strength and elonga- 
tion, we do not feel safe without removing all of this compressed 
metal: it would seem reasonable to assume that removing this 
much would be all that is needed for any practical purpose, while 
for most purposes much less would do. 

Mr, Kent.—I think these lines are caused by a slight corrugation 
of the plate due to the pressure of the shear. If you attempt to 
shear a narrow strip off the plate, the strip itself curls up into a 
ring. The plate being sheared is laid pretty nearly flat, but there 
is a slight wave of distortion as the shear goesalong, and that wavy 
motion would naturally crack the scale. I think those lines are 
due to that slight wavy motion cracking the scale and do not 
injure the plate materially, tor I have seen test pieces in which the 
whole plate was covered with them; yet there was no apparent 
damage in any test the plate could be subjected to. 

Mr, Nagle.—I would like to have the speaker say whether he 
could trace any relation from the pitch of those lines to the teeth 
in the gears. 

Mr. Huston.—No, I think not; because one pair of shears has 
no teeth in the gearing at all, it is a shear of the lever pattern 
operated directly by a crank shaft, driven by a large belt without 
any intermediate gearing. 

The President.—I think the same disturbance of scale appears 
in a punched hole. 

Mr. J. S. Coon—Mr. Kent touched on the case exactly when he 
spoke of boiler plates. You take a piece ten inches wide. You 
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break that piece in a testing machine and at tirst some lines will 
appear commencing at the edge and running towards the center, 
showing that it is merely a cracking of the scale. 

The President.—Mr. Barba made some experiments with steel 
plates up to $ of an inch in thickness and found they were not 
injured by shearing to a greater extent than about sy of an 
inch. I conducted some experiments a short time ago, with } 
plates and found that rule to hold good for them also. By remov- 
ing about , of an inch by planing from the edge of the plate the 
remaining metal was found to have the same strength as that 
from a piece cut by planing from the interior of the plate. The 
same rule held good for punching. By removing a cylinder 4; of 
an inch thick from the hole by drilling, the remaining metal was 
found to have the same strength as it would have had, had there 
been no punching. 

Mr. Reese.—In iron, I presume, the same thing occurs. We 
were making armor plates for which we had a contract with the 
government, and the engineer present wanted us toshear the plates 
wider, and plane more off. In one of the planers we had two 
stationary knives. We drew the plate right through it. We took 
off an eighth on each side. He wanted us to shear them wider and 
plane more off on account of the ragged appearance of the plate 
when sheared. He said he thought the cracks would run iv half 
an inch. We tested the matter thoroughly and satisfied him that 
the cracks did not exceed an eighth of an inch in the shearing. 
However, we always sheared the plates before they got entirely 
cold. We made 10,000 tons of them. They tested them several 
times and we never had any complaint after the first. 

Mr, Hawkins.—1 submit that it is a pretty difficult matter to 
test a plate of that kind and determine whether a injury made by 
a shear is eliminated or not; and I would like to know how the test 
was made to determine that fact. That is what we wauted to get 
at—to find out whether the injury produced by the shears was 
actually overcome by the removal of an eighth of an inch of the 
metal, 

Mr. Reese.—I think they determined that with acids; I think 
that was their method. It was perfectly satisfactory to us. They 
allowed us to go on and paid us our money without growling. 

Mr. Huston.—I would also say that in testing a sample of steel 
ship plate where probably one-eighth of an inch had been removed 
from the sheared edge (the steel was a little too hard for the pur- 
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pose probably). It showed crystallization for fully half an inch, 
so that that edge of the strip when tested in the machine did not 
elongate at all scarcely and showed a bright crystalline fracture, 
while the other edge of the strip showed considerable elongation. 
The erystalline edge giving way first, the remainder tore off. 

Mr. Hawkins.—I would suggest as a method of determining 
that matter, aside from the method proposed I would take a boiler 
plate that is sheared and cut a strip off the edge by means of the 
planer of a width such as might be supposed to contain a consider- 
able portion of the uninjured metal besides that injured by the 
shears, and then cut an equal strip adjoining it entirely uninjured 
in the same manner. In that way, by trimming off the injured 
strip at the sheared edge and the uninjured to the same width, we 
could certainly arrive at pretty good results in the testing machine 
by comparing the uninjured strip with the sheared strip. 

Mr. Reese-—Of course we understand that this is all of the same 
character of metal; that is, it is open hearth or crucible steel not 
over .15 carbon; because if you take Bessemer steel that contains 
-15 carbon and .025 or .070 silicon, the result will be entirely 
different. Then it will crack farther in. The more silicon there 
is, the farther the cracks will run. It is presumed that it is a uni- 
form quality of steel—the open hearth steel not to exceed .03 of 
silicon and not over .15 of carbon. 

Mr. Huston.—This piece that I spoke of as showing the crystal- 
line fracture was Bessemer steel. 

Mr. Reese—In Dr. Dudley’s statement of the test of rails for 
the Pennsylvania Railroad I find that the silicon in steel runs very 
high—so high that I thought it was open hearth steel that the 
gentleman had reference to. Of course the cracks would reach three 
times as far as they would in open hearth steel or soft crucible 
steel, low in carbon and low in silicon. I have some data, not with 
me now, but I can give it at some other time, in regard to the 
effect of silicon upon steel. 

The President.—The steel I tested was open hearth. 

Mr. Hawkins.—\1 think the question of whether it was open 
hearth steel or what the percentage of carbon was in it, is rather 
wide of the subject. It seems to me that the question is what 
amount of metal is it necessary to remove to eliminate the injury 
produced by shearing and punching. Of course we understand 
that would be different in different kinds of material. That is the 
question as I understand it. 
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Mr, Huston.—The shear blades would have a larger effect on it 
than anything else. If the shear blades were sharp-angled so as 
not to bend down the edge of the plate much, it would not injure 
the plate much. But if the angle was nearly a right-angle so as to 
bend down the edges, it would injure it for a considerably greater 
distance. 
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MEMORIAL NOTICES OF MEMBERS DECEASED 
DURING THE YEAR. 


WILLIAM WALLACE HANSCOM 


was born in 1839 in Eliot, Me. In 1854 he began his apprentice- 
ship in California, to which his family had moved. In 1862 he 
was draftsman for the Novelty Iron Works in New York, but re- 
turned to California in the following year to become draftsman 
with the Golden State Iron Works. In 1866, with others, he 
started the tna Iron Works, and in 1875 he sold out from this 
firm to establish the Hope Iron Works on his own account. In 
1879 he went into consulting and expert practice, and was for 
three years consulting engineer of the Presidio and Ferries Cable 
Ry. of San Francisco. In 1882 he went to London and designed 
and made the plans for the Higingate Hill Cable Tramway, the first 
of its kind in Great Britain. In 1883 he returned to San Francisco 
and resumed his consulting practice in cable railway, electric 
lighting and water works construction and river and harbor dredg- 
ing, etc. His professional life extended over 32 yeurs of varied 
experience. 
He joined this Society at the Pittsburgh meeting in June, 1884, 
He died Jan. 19th, 1888. 


BARNABAS H. BARTOL 


was born at Freeport, Me., Oct. 31, 1816. In 1833 he entered the 
branch of the West Point Foundry, under Messrs. Kemble in New 
York, as apprentice, and remained with them until September, 
1847. In 1835 he was sent near Richmond, Va., to erect hoisting 
engines, and in 1837 he was sent in charge of the erection of the 
beam engine for the Richard Stevens, the first of its type on 
Seneca Lake, N. Y. In 1838 he went to Cuba to erect sugar 
machinery. In 1839, at the consolidation of the Cold Spring and 
New York establishinents of the West Point Foundry, Mr. Bartol 
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was asked to become its superintendent, on the retirement of Mr. 
Chas. W. Copeland. The latter had been secured by the Navy 
Department to design the machinery for the S.S. Mississippi and 
Missouri. From 1847 to 1867 Mr. Bartol was engineer and 
superintendent of the Southwark Foundry of Philadelphia, under 
Messrs. Merrick and Towne, and Merrick & Son. During this 
time much important work passed through his hands. The ma- 
chinery of the U.S. S. Wabash and the design and construction of 
the machinery and plating of the Vew /ronsides and other steam- 
ers, were so noteworthy in the marine field, that the position of 
Engineer-in-Chief, U. S. N. was tendered to Mr. Bartol during 
the war, but it was decided that he could be of better service to 
the country’s cause by remaining to supervise the work then in the 
shops. His plans for supplying the locks on the Chesapeake and 
Delaware Canal received the offered premium; much gas-works 
construction came into the foundry through Mr. 8. V. Merrick, 
and the steam-hammer contracts with Mr. James Nasmyth and 
those with Mr. Norbert Rillieux, inventor of the “ triple effect” 
system of sugar boiling gave a very wide experience. 

In 1867 Mr. Bartol left the foundry and devoted himself to 
other business. He managed the Grocers’ Sugar House in Phila- 
delphia, which he had built in 1859, and which was the first there 
to use centrifugal dryers. He was President of the Washington 
Gas Light Co. (D. C.), from 1854 to 1883. From 1871 to 1880 he 
was Director of the American Steam Ship Co., and Chairman of 
the Committee on Ships. In 1851 he published a “ Treatise on 
the Marine Boilers of the United States.” 

He joined this Society in 1882, at the annnal meeting in New 
York and was also an interested member and contributor to the 
Franklin Institute of Philadelphia. He died February 10th, 1888, 
in that city. 
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